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Till' prusenL Vork is designed to Gc n continuation of," 
and is intendcKl to-Jbe used by the learner in connexion 
witli, niy treatise on “Geometrical Conic Sections.” The 
object not so much to furnish a kcj^ as^ to illustrate 
tlir aj)piication of the ])rinciples of (ileemetry to the 
solution of (jujestions in Conic Actions. It has been 
too nmeh the custom to despise the use of geometrical 
nu'tiiods. and to reject them as uncertain except in^the 
solution of very elementary problems. The present 
n-oik will, 1 hope, show that Geometry is a more 
etiectne and practical instrument in the treatment of 
this subject than is generally supposed. 

Another object that 1 have likewise kept in view is to 
•supj)l\ a connecting link by which the student may be 
l('d ‘from the simple [)rocess of following the steps^of a 
demonstration, to devising for l^msclf the solution of an 
original geometrical problem. Most persons engaged in 
teaching must have felt the want of some intervening 
step to bridge over this difficulty. With this purpose 
the Solutions arc all baser^ on one or other of the propo¬ 
sitions in the former treatise, and the student is left to 
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md^ify the ^onstrultioii and figure According to •-the 
particular question under consideration. An of 

care and attention will thus be rendered necessary, 
which cannot fail to insuj|e the opmplcte understanding 
of the principles'of the gubject, and which will make 

• • • * f • 

•it impossible for the learner to acquire *an apparent 
^ut treacherous kn(f<vledge, by the urfdiie use of a 
retentive memory. Prob. 31 of the Parabola, Prob. 55 
of the Ellipse, and Prob. 33 of the Ilyperb'ola, afibnl 
good illustrations of the plan I have pursued, which 
really indicates the way in which the properties were 
themselves suggested, j 

It has been found convenient to refer occasionally 
to a new edition of the “ Conic Sections,” whicli/is now 
in i&ouiFse of publication. In this edition such slight 
modifications, as experience has shown to be needed, will 
be introduced. A considerable number of unsolved 
problems will be added, and the work ^ill be brought 
completely up to the requirements of the present time. 

I am indebted for much valuable help in the pre- 
pardj^on of these “ Solutions,” -to Mr. A. Freeman^ ol 
St.'%o^’s College, and to Mr. F. R* Drew, of Sidne\ 
College. 

W. H. DREW. 


BX.ACKHICATH PROPRIKTARV SCHOOL, 
Novemher 1861 . 




PROplEMS ON THE PJlRABOLA. 


1. Diiaw jfi Q at right angles to A ^ ; then 

A S . SQ = BS- = 4AS'\ 

SQ = 4A S, and AQ = 5AS. , 

2. The triangles BN O, GPK a?;e equiangular, and have 
the side PG common, 

mM 

they arc cxiual in all rcopects, 

PK= NG = 2 AS. 


.3. SP = SG = 2 NG = 4AS = Ba 

4. Produce to meet the axis in T, and join A Q; then, 

ST. SA = sg‘ = 4AS^ 

ST=^ 4 A S, aad SN ^ 2 A S, 

SA : SQ:: SN: SP, 
z SQA = I SPN, or IQ SB = 1 PSB. 

5. Since PSZ is a right angle, and S Y perpendicular to PZ, 

.'PY. PZ= SB", 
also PY. YZ== SY^= SA . SP. 


6. AN. NL = PN^ = 4AS. AN, 

.\ NL = 4AS. 


7. Let the tangent at P mee^ the latus rectum iif L; then 

ZY: YL:\XA:AS, 
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ir= YL, 

and 8Yi% perpendicular to ZL, 

SZ= SL. 

8. Since AT = AN, and the'dnrfes at A are right angles^ 

\\TY=NY 

C 

Also, sinoe the angles at®.^ arid Y are right angles, a circle 
naa,y be described about SNPY, 

TF\ TY= TN. TSt 

9. Let the tangent at Pmeet the tangent at Am Y] then 
since SYP a right angle, the circle described, about SNP 
ssrill pass through Y. 

Also, since AY^ ^ AS. AT = AS . AI^ 

AY' a tangent to the circle. 

Now At: PN:: AT: TN, 

A*Y= i PN 

10. Let the tangent, ordinate, and normal at P^eet the 
ixiS ‘m T, N and G '; then • 

since AN = A T and NN = NG', 

AN=^ TG'. 

Now PN = 2 AS.2 AN=NG' . T,G' = F G'\ 

PN^ P’G'. 

11. From any point E on the tangent at P draw the 
tangent E Q ; then the triangles S Q E, SPR are similar, 

the an^ SE = l!he angle SPE, 

the*^ SE Q is independent of the point E. 

c 

12. Draw NQ & tangent to the circle. 

NowPiT : A'F :: AN : AA'\ 
and PN : AW :: AN : AA; 

::AN.AA:AA-, 

EN - PN : AW :< AN. AN : AA\ 
or EP.EP : NQ^ AW : A A*. 
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13? Let B he the poipt where th^ a^s of thS paraboltP is 
to touch the circle, and G the other given point.* 

Draw the tangents TO, TBO intersecting in T\ also draw 
GN perpendicular to T C G passjng through the centre 

0 of the circle; then 

NT and NG^ will he respectively the suhtange&t and sub¬ 
normal-of the parabola required. 

Bisect iV'2’in and TG in /S'; then A and S will he 
respectively the vertex and focus of the parabola. 

14. Let QTha, the tangent at the point Q. 

Through Q draw the chord QO Q' ; and le4 WB 0 he 
drawn parallel to the axis meeting QTin W, the parabola in 
R, and the chord Q Q' in 0. 

Bisect Q Q' in V, and draw the diameter TP V parallel to 
the axisjXind join 8P. 

Now from similar triangles 

QO OW :: QV : V2, 

:: QV^ : QV . VT, 

:: 4SP. PV : 2 QV. PV, 
since QV^ = 4 SP.PV (Prop. XV.) 
and FT= 2 PV {Prop. XIV.) 

.-. QO : OW^i: 4 SP : 2 QV, 

:: 4SP : QQ', 

.‘. QO. QQ' = 4 SP,. 0 W. 

But QO . Og = 4SP. RO {Prop. XVII.) 

.*. Qg : Og :: OTV: RO, 

.’. QO : 0 g :: WR : RO. 

15. Join SP‘, then 

PV= 8T= 8P=P0. 

b2 
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Draw Vm at ri^iit^anglcs to the axis ; then 
since VM : MS y. PN *: NT, 

MS = NT. 

But PN^ =*2 A S. N T, 

.* = 2 AS . SM, 

the loCus of V is a *jiirahola, whose ve_rtcx is, and 
latus rsctuiaJiV.If that of the given parabola.* 

17. Produce QV, u u to meet the tangent at Pin IT and 

N", then as in Proj). XIX. it can be provt*d that iri’and 
N U are each equal to 4 SP, * 

.•. TPFand A" 77 are equal and parallel, 
t7Fis parallel to the tang('nt at ]\ 

18. By similar triangles 

C3 : C\i :: A X : 7’A", 

PN . CR = A C . A N, 
or PN^ = A C. A N, 

the locus of P is a parabola whose axis is A B, and latus 
rectum equal to the given distance A (J. 


19. Let OP and AR intersect in 1^; and draw T'iV x 
^to A 0, and PM X to the tangent at A ; then 

VN : AN CR : CA, 

:: OR : CP, 
y. VN C V, 

.-. Cy=^AN= VM, 


the locus of F is a parabol% whose focus is C, and 
directnx A M. . ■ 




!0. Let OQ, OQ' be two equal tangents drawn from the 
point 0 in the axis; and let them be cut by the tangent 
BPR' in B and B'. 
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.Tan 8F; 8Q, SQ'-,^SR, SB'; tJien' 

the L SOB' =*the I SO Q = the I S^O; 
and tlie /_ SB'*0 = the supplement of SB' Q', 

. = .; SPB' (Prop. XIL) 

= the 

= the s/ftg]0*SB Q (Prop. X^I.) 
m the triangles SOB^, SQB, 
the angles*.S'(7y(", SB’ 0 — SQB, SBQ each to each, 

. and SO = SQ, 

B Q = ob:, 
and O Q = 0 Q', 

0B = B'Q'. 

21. .loin QE, Q’E; then 

theZ QEQ'^^l QQQ'. 

let OQ and OQ' meet tlie axis A Sx in T and 
f'; then t \ 

jL QSx=^ SQT+ STQ, 

= 2lSTQ^2l QOV; 

so the 4 Q: Sx^ 2 I S T Q' = 2 L Q'O V, 

theZ QS0'. = 2/_ Q0(/, 

the Z QSQ' = the Z QPQ', 

the circle described about the triangle QEQ will ^ass 
) rough S. 

• ' 

If Q Q' pass on the left of S, a similar proof will hold 
ood. 

It must then be shown that the angles QSQ', QEQ are 
)gether equal to two right angles. 

22. Draw the ordinates PN, pn ; then 

niy : an ax' : ap, 

: * XN : Xn, 
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iN : 8n : Xn, 

XN + ^N : XN*- SN :: Xn + 8n : Xn - 8n, 

2 AN: 2A8 2A8 :,2^n, 

ox AN : A8 f» -/I/S' : -4n, 

4^/S'. 4^^ :: 4^/S* : 4^5. 

• orPJV’ ; 4J*^ :i4^/8* : pn\ 

PN : 2 A8 x: 2 A8 : pn, ’ 
oxFN* 4A8 :: A8 : pnf 

Again, 

8Q ; A/S':: PiV": AN, 

4A/S'.PJV: 4A/S'. A.Y, 
:: 4A8 . PN : PI^, 

:: 4A8 : PN, 

:: pn : AS, 

SQ = pn, 
so /S'? = PiV. 


23. Join QS and produce it to ?; then 

SM bisects the angle P/S'?, "I - „ . 

and /S'r.i>% J ' 

the angle ESr is hali^of the two PSq ajvdpSq, 
the angle BSris a. right angle, 

BB. Pr = 8JP = 4A8‘. 


24- Join PQ, and. draw 0 V paAllel to the axis; thep 

since 0^ : OQ :: PV : QV,> 

Q'P\b parallel to 0 V, 

.% dhe L O Q'P = the £. 

=» the £ ^ T8, if OQ meet the axis in T, 
^'ihalSQO, 
and the L. OPQf = the L OP^, 

= the Z. /S (? p {Prop. XII.) 
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the triangle POQ v& simiiar to ol^Q, 

PQ'*: OP :: 0*Q : 08, 

08.PQ= 9Q. OP 

#• 

25. Draw Q V parallel to the t^gent at P; and draw 8 Y 
perpendicular to tne tangent, and^om A Y; then 

QB ; QV::^Y: 8T, 

^ :: 8Y:^8P, 

.•! QIY : QV^ :: 8Y^ : 8P^, 

:: 8P. 8A : 8P^, 

:: 8A : 8P, 

:: 4 AS : 4 8P, 

:: 4A8.PV:4»SP,PV, 

QD' = 4A8.PV. 

26. Draw the tangent PT &t the point P meeting the axis 
in jT; %en by Prob. 14 

TA \ AO w PO X OQ. 

But AT= AM, 

AM : AO :: PO : OQ; 

AN: AO :: OQ : OP, 

AM : A^ :: AO : AN, 

.*. AM.AN^AOK 

27. By similar triangle^ 

AM : PM QN : AN, 

AM^ : PM^ QN^ : AN^, 
or AM* : 4 AS. AM:: 4 AS. AN: AN*, 
or AM : 4AS :: 4AS : AN, 

AM.AN= {4A8)*. . 

28. Let Q be the centre of theiWciicle inscribed in the 
sector OAP. 
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O^B, meefine tKe circles at their point of. con¬ 
tact B. ^ 

Complete the quadraxft A OB, and ^raw BN parallel ^ 
to OA; and through Q draw MQN, meeting OA and B^ 
at right angles in M and then 

0^ = QM, 

and 

.. OQ^ QN, 

the locus of ^ is a parabola, whose focus is O, and 
directrix BK 


29. (1.) AN: AM:: PN^ : Qj\r 

:: AN^ : 8M^-, 
or AN^ : AN. AM :: AN^ : SM% 

SM^ = AN. AM. 

% 

(2.) Bisect QQ' in F, and draw VB parallel to Jiie axis 
bisecting A Pin B; then 

AS+AM=8Q, 

A8+AM'=SQ', 

3fM' = SQ- SQ’, 

= 2SV=2AB, 

= AP. 



BV : Q'V : 

BV. Q'V : Q'V^ : 
BV. Q'V = 
^0 B'V .QV = 
BV : B'V :: 


PV : PV, 

QV^: qv'\ 

QV : Q'V% 
QV^; 

Q' V\ 

QV^ : q V'\ 


81. In the fig. of Prop. XVII. let be the diameter of the 
ci^le, and ^g-' -the chord joining, the two other points of 
Itttersectipn of the circle and parabola. 
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Jdin VV' meeting t^e axis in W' is at*right angles 
to Qgr/ 

Now since the rectangle (^0 . Oq— Q 0 . Oq’, 
f.'. PV and P V ar^ equally distant from the axis, 

VE = f’E. * 

Let Qq, Q 5' meet the axis in F and F' ; and .draw FJ!f, 
V M' at right angles to the axis; then 

FF' = M^r = 2 EM = 2 subnormal of P=4kA8. 


32. Draw’OPF parallel to the axis bisecting in V; 
then since the tangent at P is parallel to Q Q', it will be at 
right ang^s to OQ, and will therefore meet O ^ on the 
directrix. Let this point be if; then - 

OZ ; ZQ :: OP : PV, 

OZ=»ZQ. 

33. tTic parabolas will intersect at the extremities B, of 
the latus rectum. Draw the normal BG; then the a«gle-at 
which the parabolas intersect is twice the angle SB G, which 
is a right angle, since S G = 2 A 8 = SB. 

34. Let B SB' iJC the chord of the circle of curvature at B 
through the focus. Bisect BB ^in G, and draw GO sA right 
angles to BB', meeting the diameter of curvature in 0] then 
since G 0 is parallel to the axis, 

BO : BG :: BG : B8, 

&ndiBG=2B8, .■.B0 = 2BG. 

35. Draw P W parallel to the axis ; then 

the angle SPF = WPH = 8 HP, 
and the angle at 8 is common to the triangles SPF, 8HP; 

these triangles are similar, 

8F : .SP>i: SP : 8H, 

8F. SHl:^ SP'^ - 8CP, 


10 CONIC SICTIONS. 

86. Let ^PQ be the^scribed triangle. 

Draw* the* tangents QO^ QO, meeting in 0 ; and the 
tangent tPt' meeting 0 OQ in t and 

Produce QP, tQPto meet (XQ, OQ in q and j'. 

Join g'g'; then,what w^have to^rove is that jj', and the 
tangent at P will meet Q' Q produced in the same point. 

Draw 0 V, PM, qm, q'm'* tn, t'n', parallel t© the axis of the 
parabola, meeting QQ in F, M, m, m, n, Produce MP to 
meet OQin R, and let qm, q'm meet tPt in r and r'. 

The problem will clearly be solved if we can show that 

qr : qm :: q'r' : j'm'. 

Now qm ; Qm :: RM : QM, 

Q'm : qm QM ; PM, 

.. Qm : Qm :: RM. Q'M : QM.PM’, 

but i?3f \ PM^'.'.QQ QM{Proh. 14.) 

.*. Qm : Qm :: QQ. Q'M : QM. Q'M, 

:: QQ : QM, ' 

.-. Qm : QQ' :: QM : QQ + QM. 

Again, qr : PR :: rt : Pt, 

:: 2ot« : 2Mn, 

2 Qm — 2 Qji ; 2 Jfn, 

2 Qm — QM : QM (since tn bisects QM) ; 
but 2 Qm : QM :: 2QQ' ; QQ + QM, 

.'. 2Qm — QM : QM :: QQ — QM : QQ + QM, 

qr : PR :: QQ — QM ; QQ + QM, 

and PR : PM :: QM : QM, • 

qr : PM QM‘. QQ + QM, 

Qm : QQ, 
qr : Qm ;; PM : QQ. 

In the same manner it can be shown that 

gr'r' ; Qm''.‘.mPM : QQ, 

qr : 2 'r \*Qm ; Qvi. 
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Bift 

Qm : 

qm :: 

QV^. 

ov, 




• 

• • 
• • 

Q m! : 

5'w', 




Qm :: 

qm* : 

^m'. 




gv ?r 

qm ; 

^m\. 



or jr : 

q^m :: 

it } 

• 

q'm\* 


37. Let 

the*tangen1 

# 

: BE meet the 

\ curve 

in P: "and draw 

Km, PM, 

B!m' parallel to the axis 

meeting QQ ia. m, M 

and m. 






Now 

VB-. 

BQ :: 

Vm : 

Qm, 





2 Vmx 

2 Qm, 





2QV- 

- 2 Qm 

: 2 Qm, 




QQ- 

QM: 

QM, 




QM: 

QM. 


Similarly OB! : 

EQ:: 

QM : 

QM, 



.*. OB : 

BQ :: 

EQ : 

OE. 



38. Let A Q and AQ ht the chords, and B the jPurther 
angle of the rectangle. 

Join QQ', and draw AB bisecting it in F. Al^ draw 
VP parallel to the axis, and at P draw the tangent PT 
parallel to QQ. 

Draw PN, VM, BL a.t right angles to the axis. 

Make AO'= 2A0 — ^AS {Probs. 26 and 27); 

Then BL = 2VM ==2PN, 
and O'L AL-A O' =2AM- 2 AO, 

= 2 Oilf = 2 TN=4:AN. 

But PN*^4:A8.AN, 

4tPN^ = A AS. A AN. 
or BL* = A AS. OL, 

the locus of jS is a parabola equal to the onginal one 
with its vertex at O'. 



19 SlICTIOKB. 

Draw^-ijETat right angles to the tangent at P; then if 
Pa be the chord of curvature througfi A, 

PK : PU : AP{Seefg. Prop. XIX.) 

PK.AP^PU.AH. 

PU i^SP :: *§P : S*Y {Prop. XIX.) 

:: *2jr : AY, 

PU : PF ::4;S'P: ^F(sincePr= TY).. 

Also, AH t PY :: AY : SP, 

PU. AH : PF* :: 4-8P. A F > SP. AY, 

PU.AH=4PY\ 

.\ PK. AP=4PY\ 

40. This problem is incon’ect. 

41. Let ^ be ft chord. Bisect it in V, and draw QM, 
VK, QM' at right angles to the directrix ; then 

%VK= QM4- QM' 

= SQ+8Q. 

But 8Q+SQ'^QQ, unless Q Q pass through 8, 

.*. VKy QV. 

Hence the circle described upon Q Q as diameter will only 
reach the directrix when the chord Q Q passes through the 
focus, in which case it will touch the directrix, since the angle 
VKM is a right angle. 

42. Let A and A' be the vertices of the parabolas. 

"Produce the axes to meet in T, and draw the common 
tange^PP. 

Join 88', cutting PT at right angles in F. 

O 

Join A Y, and draw 8'X perpendicular to 8 T. 
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Now since A Y is perpendicular to SX, 

SY:*8'Y:: 8A*: AX. 

But 8Y==8'Y, 

8A*9=AX, 

/S" is on the d^fectnx. 

43. In the fig. of Prop. XlXflet Q’ he the other point 
where the circle meets the parabola, and^raw Q X' R' parallel 
to the axis, mee^ng the circle in X and the tangent at P in 
R '; then 

XX'\s parallel to RPR' {Proh. 17) 
and when the circle becomes the circle of curvature, 

WX' is parallel to RPR', 

WX' is at right angles to PU 

Now if the points O' gnd U coincide, 

. X' U and P W will be equal, 
and WX' will bisect P U, 
and P W UX' will be a square, 
the L OP8 = the L OPW, 

= the L OPN, 

Pis af'the extremity of the latus rectum. 
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PROBLEMS* ON THE EIJilPSE. 

Draw the diameter parallel to the tan^nt at P, 
meeting 8\P in E. Als6 draw the normal PGF perpen¬ 
dicular to CD, and meeting*it in F. 

Then the angle SPS’ = 2 the angle 8'PG% 

Now since PE is always equal to ^ it i/? evident that the 
angle 8" PQ will he greatest when PF is least. • 

ButPF. CD = AC. BC {Prop. XXII. Cor.) 

PF is le^st when CD is greatest, that is, when* CD = A C 
and P is at the extremity B of the minor axis. 

2. Draw the latus j-ectum L SL' ; then 

AC' i BC^ A8. A' 8 i 8L' (Prop.‘5CIIL) 
ox AC' ■. BC' :: : SL' {Prop. IV.) 

ox AC' : BC' :: BC' : SL', 

ox AC : BC :: BC : SL, 

AA' : Bff :: BE : LL\ 

LL' is a 3d proportional to A A' and BB'. 

3. Draw Bff parallel to LS, meeting the major axis in ff; 
then 

A BCff : A LSS' :: PC’ : SL' 

'.X AC'-. BC'. \Proh. 2.) 

Take CK=\ Cff-, then 

rectangle Bff . CK = A P CH, 

Bff .CK: A LSS' :: A A'' : Bff'. 

4. X^et the tangent at L to*^one of the ellipses meet the 
iiuiukr ^s produced in <; then 
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Ct. SL = BC^ (Prog, xrv.) 

Ct :*BG :: BC : 8L 

:: AO : BG {Prob. 2.) 
Gf^AG. 

c 

Hence Gt is constant, and the tatigenlts will all ptflte 
through t. 

5. In this pro]jlem the ellipses are to Have their major axes 
equal as well as a common focus. 

Let S be the given ‘focus, and YPY' the givep fixed line 
(see fig. Prop. XV.); then since S and YPY' are both given 
in position, the point Y of the perpendicular 8 Y will be a 
fixed point.* 

Now YG= AG {Prop. XV.) 

Hence the locus of (7 is a cirdle whose centre is Y and 
radius A<CI. 

6. Draw 8Y, 8 Y' perj^ndicular to the ^ven line (see fig. 
Pr<m. XV.), and take 5 (7 a mean proportional between 8Y 
and 8 Y'; then 

BG is tlyi semi-minor axis. {Prop. XV.) 

Also, since AG^ — BG^ -V G 8, 

A (7 is also known; and since 
GX : GA GA -. G8{Prop. II.) 

the position of ^Jie directrix is known, and the ellipse may be 
described. 

7. See fig. Prop. IX. 

TQ : PK :: AT : AN, 

TQ’ : PN r.A'T : A'N, 

GT. GN.= GA\ 

GT ; GA'.i CA ; GN, 


Again, 
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t:ONIO SipCTIONS. 


OT+ GA ; CT~ GA :: GA+GN x GA 
or A'Tx AT-,: A^N : AN, 
A'T:*A’N:: AT: AN, 

Hence tq , 

■*TQ = TQ'. 

8. See fig. IV. 

If SB S' be a right®angle, S C and GB are.equal 

AC^= SB^ = SG^ + B(T = 2BG\ 

9. Draw the ordinates QM, PN-, then 

QM^ ; AM^ :: PiV“ : GN^, 

A‘M. A'M : AM^ : 

or A'M : AM 
1A (7 : AM 
•*. 2^ b : AQ 
ar 2 A 0’‘ : AO. AQ 


- GN, 


AC^- GN^ : 
AG'^~ GN^ : 
A G^ : GN\ 
A 0^ : CP\ 

A 0^ : GP^, 


CN\ 

CN'\ 


AO. AQ = 2 GP\ 

10. and GD are equally inclined to the axis the 

diameters parallel to them will also be so, and will be therefore 
^iml. Hence li A B and GB or these lines produced meet 

OA. OB^ OG. OB. 

A R A B,0,D-, and if 

A. O and BB or these lines produced intersect ^n O, 

0'A.a0= O'B. O'B, 

.‘.AG and BB are equally inclined to the axis. 

So -with regard to AB and B G. 

to the directrix. 

^^^uce MP, QS^ meet m Q\ and mp, qS to meet in q'-. 
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gP : PM :: s\: AX, 
gp.= 8P, 

S Q bisects the sftigle P8A '; 

SoiS'2' . 

g Sq' is a rj§ht angle: 
also. QSqis & right aii^e. 

12. Draw the diameter SK cutting the tangent at £ a^ 
right angles in 0; then 

• SK. 80= 8B\ 
or 8K .BC = AC\ 

13. Tlyongh Q draw MQB' touching the inner circle in Q, 
and cutting the outer in B and Bf ; then 

PQ.P'Q= QB^, 

= €IB^- eg, 

= AC^-BC^=G8‘. 

14. Draw the ordinate PN, and the semi latus reetthn 8L 
then by similar triangles 




8L 

: 8N 

XX SG 

: 8P, 





XX 8A 

X AX; 

Also 


8P 

X XN 

*: 8A 

X AX, 



PL 

X 8X 

XX 8 A 

X AX; 

But 


8L' 

X 8X 

XX 8A 

X AX, 



« 

PL 

= 8L'. 


15. Draw the normals PG, 

BG'; 

then 


PG^ X 

CD* :: 

BG^ 

X AG^ 

{Prop. XXIV.) 

and 

DG'^ X 

CP* :: 

BG* 

X AG\ 


• 

•. PG*-^DG'^ 

X GP^ 

+ CD’ 

‘ DC* : AC 

But 


CP* + 

Glf^^ 

= AC* 

+ DC*‘ 


PCP + DG'^ X Af + BG^ XX BG* x A O*^ 
PO^ + DG'^ is constant 


c 
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IS- Produce PQ to m^iet CD in and join (7P; theti 
C(^= CP^ ^PQ^-2 PiH. P^ {Euclid, 11. 13) 

= C7P* + 2 CIP - 2 PP. CD,* 

= ^ C* + P C* -2A'C .BC {Props. XX. XXIT.^ 
r. CQ = AC^BG. 

17. Let tfie tangents at P and P' intersect at right angles 
in*0. Draw CK, CK' at right angles respectively to OP 
and OP' ; then 

0(7= CIP + CK'*. 

* • 

Again, from 8 draw S Y and 8 Y’ perpendicular respec- 
tiveiy to OP and OP'; and join CY, CY'. Also let 8Y' 
and CK intersect in II; then 

‘ ,0^ + 8ir = or* = AC*, 
and CK* + CIP= CY* = A C\ 

CK* + CK- + C8* = 2 A C*, 

.•* CK + CK* ^AC* + BC*, 

CO* = AC* + BC*. 

18. Draw the ordinate QM; then 

Nit ; AN :: QM [r AM, 
and N8 X A'N x: QM x A'JI, 

NR.N8 X AN. A'N :: Q^P x AM. A'M. 

But PN* X AN. A'N :: QM* x AM. A' 

PN* = NR . N8. 

19. By similar triangles 

OL X PN XX 8G X 8P, 

XX C8 X CA {Prop. XI.) 

20. Since the tangent at L meets the directrix in X, 

QN X XN XX 8L X 8X, 

:: 8A x AX; 

8P X XN x\8A X AX, 

.*. QN^8P. 


Also 
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21*. See fig. Prop. VII. 

FZ bisects the L SFW, 

th% L 8PZ is > the Z. MPZ. 

• • 

22. See fig. Prop. XXIV. 

Let S'P meet CD in E, PfoSuce PF to nue^t the axis 
minor in K, and join EK ; then 

PK ; pa :: NC : NQ, 

. ^ A C^-.BC* {Prop. XII.) 

*PK. PF : PF.PG :: AO^ : B(F, 

.-. PK.PF=A(P (Proji. XXIV.) 

= PP* {Prop. XV. Got.) 
tlie l_ PEK is a right angle.* 

So also if PS produced meet C^D' in E', and E' K be joined, 
the angle PE' K may be proved to be a right angle. 

. •. the perpendiculars EK and E'K meet the minor 05,13 in 
the same point.- 

23. NG : NG .. BC^ ■. AG^ {Prop. XII.) 

.-. GT.NG : CT. CN^:-. B G* : AG\* 

.-. tT.NG = BC^ {Prop. IX) 

.-. CT : BG :: BG : NG. 

24. A circle may be described about PY8N\ 

.*. LPKY ^ LPSY. 

So LPNT = LPS'Y\ 

fixidi LPSY= LPS'Y, 

.-. IPKY= IPNT, 

.-. PF: PY-.'.NY-. NY'. 

25. See fig. Prop. XV. 

Draw CZ at right angles,1;o the tangent meeting S'P in 
K ; then by similar triangles 

c 2 
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But 


KE :^E :: SP : PY. 
CE = PY* 

. 'KE^SR 


Let JR "be the [ftointi where the circle described about 
QPQ' meets the ellipse; §f»in PB meeting Q Q' in O, and 
draw the diameter CP',parallel to PB, and Cl) parallel to 
Q'Q'; then from the ^lipse 

Q.O . Oqf . PO . OK . : CIP CP'^ (^rop. XXIX.) 
and from the circle 

QO, OQ^PO. OK, 

CP = CP, 

CP being fixed in position, PB, which is drawn parallel 
to CP, meets the ellipse in a fixed point. 

C 

27. Produce QP',cQ*P' to meet the tangent at Pin P and 
B'. Draw the diameter CD parallel to the tangent at P; 
alscr draw the diameters CE, CE' parallel reroectively to 
QP and Q'P; then it is evident from Pr(^. XXIX. that 

BP.BQ : PP* :: CK : CP, 

B'P .B'Q' : IB'P :: CP* *: CP. 

But , CP = CE' \ 

Since PQ and P Q are equally inclined to the axis, 

BP . BQ : P'P' .B'Q' :: BP : B'P 

But BP : P'P :: BP : P'P', 

since P'P bisects the [_ QP*R, 

\\ BP ,BQ B'P’ . B'Q' :: PP * : P P'* 

Bf : PQ: :: BP ; P'P, 

QQ[. is parallel to PP'. 

28. See fig. Prop, XXII. 

Let a parallelogram LPlL'l^ formed by drawing tangent 
at the extremities of a pair of* conjugate diameters PCP, 

and BCD'. 
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Oft the portion of the ellipse take any point ^and 

at the extremities of tht diameter Q G Q', draw tfaa tangents 
R Qr,R Q'r meeting the tangents at D and jy in R, B and 
^ r' respectively. ‘Alfijo let Rr intersect Llva. 0. 

Now, since i Z is bisected in P, it is evident, that on which¬ 
ever side of P the point 0 is talten, the parallelogram R¥ is 
greater than the parallelogram ', and that *he excess is 
twice the ditference of the unequal triangles ROl,rOL. 

Hence the parallelogram formed 1^ drawing tangents at, 
the extremities of conjugate diameters, (which is, of constant 
area) is the leasfr which can be described about an ellipse. 

29. {CP + GDf = CP* -I- CP* + 2 CP. CP, 

= AG^ + BC* + 2CP. GD {Prop. XX.) 

Hence (CP+ CP)* is least when CP. CjQ fe least. 

Now CP.CP_is > PF. GD, unless PF = CP, 
and PF. GD = AG . BG (Prop. XXII. Cor.) 

Hence CP. CD is > A C. PC, unless PF— CP\ 

and when PF == CP, 

CP. CP ^AG.BC', 

.•. CP . CD is least, when PF and CP are equal, or when 
CP and CP coincide with the axes of the ellipse. 

30. Let 8 be the given focug, and P the given point. Join 
SP, and on 8P produced make 8 W equal to' the major 
axis AA'. 

With centre P and radius P W, describe a circle W U. ^’he 
other focus of the ellipse must be on this circle. 

Now, since*in an ellipse 

C>S* = A C* - P C* {Prop. IV.) 

PP'* = ^A'*-PP'*. 

Hence we have the following construction fpr finding 8' the 
other focus and centre. 

On 8 W as diameter descifibe a semicircle, and in it place 
WH equal to the minor axis PP'. 
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WSth centre 8 and radius 8H describe a circle cutting the 
circle WU in* 8’. 

Then 88'^ = = 5 IF* - 

8' ig^the other focus. 

BlseTit 88' in C; then G is the centre. 

31. Let Q be any point on the ellipse, and Ifet (JPprodnced 
meet CD in M, and let QP' meet GP in K Also draw Q V 
pnrnllpl tn-C 0, and.,^^ parallel iSiJGP* * ' 

Then CM : CP :: QV:P V, 

CN: CP:: QV:PV, 

CM. CN : CP' :: ^ T* : PV.PV, 

:: CD\ : CP {Prop. XXI.) 
.\»CM.CN= GD\ 

'32.*^ Let CP and CD be conjugate diameters. 

Then 8P : XN :: 8A : AX {8ee fig. Prop. IX.) 

GA : CX {Prop. II.) 

.-. 8P : AC :: XN : CX, .. 

.. AC- 8P : AG :: CN : CX, 
ovAC-8P : CN :: AC : CX. 

So also if DN' be the ordinate of D, 

AG-8D : CN' ::AG : CX, 

.*. {A Cr- spy + {AG- 8Dy : CN^ + CN'^ k : CA': CX*, 

:: C8*: CA*; 

But CN* +~<7N'* = CA* {Prop. XX.) 

.-. {AC- 8P)* + CAC- 8D)*= C8\ 

ft 

« 

33. Draw the ordinates PN DR, and produce them to 
meet the auxiliary circle in also let GB produced 

meet the circle in B'. 
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Join B'D\ B'P \ AB, AlJf, and let AP\ XJO intersect 
in (?. 

Now, since FI/%\s a quadrant ofi a circle, 

the arc the arc B'D', 

B'F is parallel to AD*', 

So also B'F is parallerto A'F, 

B' O' is a parallelo^am. 

And since BP and B'F produced meet the axis in the^ 
same point, and B'F is parallel to AD'^ 

and^C: ^'(7:: DR : D'B, 

J5Pia parallel to 

So also- BD is parallel to A'P, 

OB is a parallelogram. - 

Again, join Pi), FF. These lines will, "when produced,, 
meet the axis in the same point. Now if any straight line he 
drawn at right angles to AA, meeting PP, P'P', it is easily 
seen that the portions of this line intercepted by the tjiangles 
PBD, FB'F respectively are in the proportion of BG 
to A C. 

Hence the triangles PBD, P'B'F are also iiwthis pro¬ 
portion. •* 

ODBP ; O'FB'F ::BC: AG. 

Now since FD’ is a quadrant, the triangle P'B'F will 
have its greatest value when B' is half way between P' and F, 
for the perpendicular from F on P'D' will then be greatest. 

Hence OPPPis greatest when GP and GD are e^ual. 


34. P8. Spi AS. AS-.: GQ^-. A [Prop. XXIN.) 
.-. PS. Sp: GQ . Gq :: AS.A'S:AC\ 

:: GA- GF : A G\ 

::fBG*: A G\ 


35. See fig. Prop. XIX. 
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AT\ /(7:: PiV': CN, 

:: QE -.'DE {Prop. XIX. Cor.) 
:; AG : At^m 


AT. Ae^AC*. 


A ^ 

3B. Draw the diameter Q», Cq, Or parallel to the tangents; 
then 


P'i? : P<3’t: <7r*: {Prop. XXIX.) 

or P'E : P'Q :: Cr i Cq. 

So Q’P ; QE Cp : Cr, 

'andP'Q : P'P :: Cj : 

P'E . ^P. Pg = P'Q . gP . P'P. 

37. See fig. *Prop. IX. 

Let the tangent at P meet the tangent at .4 in Q; then 
gP and g.4 subtend equal angles at S {Prep. XVII.) 

g 8 bisects the L TS P, 
and PP bisects the L 8PW, 

.-. g is the centre of the circle 8T., 8P oxA /S"P produced, 
.•^the locus required is the tangent at the vertex A. 

38. It is easily seen that this question is duly the converse 

of Prob. 33. ‘ 

’ 39. Let AC A', aCa' be the major axes of the ellipses, 

inclined to one another at any angle. 

* 

Let P be the point where the ellipses intersect within the 
angle A Ga, and Q the point within the angle A'Ca; then 

since GP is a common semi-diameter of both ellipses, 

C7P makes equal angles with CA and Ca, 

OP bisects the angle A Ca, 

' C Q bisects ftie angle A Ga, 

/. the L PCQ is half*^01 ACa and A'Ca, 

PCQ is & right angle. 


So 
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40? Draw the ordinatea PM, ^^^.then 

FM'r Q^i ’. : 8P : &Q, 

:: XM: XN, 

PM : XM x : QN : XN, 
the L PXM= the L QXN. 

41. Draw the ordi»ates-iW, ^JV’j-aiid be the 

diameters parallel to the tangents at P and'Q^spectively;^ 
then 

RP. B’P,: Eg. B’Q:: XM. X'M: XN. X'N 
Now XM : SP :: CA: GS:i XN: 8Q, 
and X’M : 8'P :: CA : G8:: X'N: 8'Q, 

XM .XM: 8P. 8'P::XN.X'N: 8je. 8'Q, 
RP.EP:RQ.R'Q:: 8P.8’P: . 8'Q, 

:: Qp^: G^ {Prop. XXIV.) 

:: {Prop. XXIX). 

42. See fig. Prop. XIV. 

Let the normal to the ellipse at P meet G Q produced in 
E ; then 

the triangles R'PR and TP^Q are similar. 

.-. 'R'E :TQ :.J^R: QP, 

:: GQ : TQ, 

.\ EE =GQ = AG, 

GE ^GE +AG, 

^BG + AG {Prop.XIV)^ 

.*. the locus of B' is a circle, whose centre is G and radius 
AG+BG. 

43. See fig. Prop. XV. 

Let GD meet 8P produced in^, and 8'P In E ; then 

8'E’ = 8'P -PE = 8'P-A G, 
and ^= P.E- PP =AG-8P. 
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Bst S'^\8P^2AC\ 

S^P-AQ =AC- SP, 

83= 8'E'. 

Again, if D and U be the diameters of the circles described 
ab*nt 8 CE and 8'CE', s!{ice the perpendiculars from 8 and 
8' upon CI^ are equal, 

3:1/:: g8. 8E: C8'. 8'E' {Enclid YL C.) 

3 = 1/. 

44. Let P8P' be any focal chord, and O’its jniddle point. 
Join C 0 and produce it to meet the ellipse in Q. Also draw 
the tangent Q T, and the ordinate QN. 

Since 0 is the middle point of PP', . 

02"isparaUeltoPP','>* 

OM: MC: : QN : NC, 
and t)31: 318 ;: QN: NT, 

03P : 3IC .318:: QN^ : NO. NT, 

: : BC^ : A {Prop. XIII.) 

the locus of 0 is an ellipse, similar to the given ellipse, 
described upon C8 as major axis. 

45. Let the circle cut the minor axis in K; then since the 
angle B8K is a right angle, 

.-. BK.BC= 8B\ 

= AC\ 

* 

But if BU hQ the chord of the circle of. curvature at B 
through C, and therefore in this case the diameter, 

BU.BG=2AC^ {Prop. XXVI.) 

.n 2BK=BU, 

SK=BO, 

.'. K coincides with the cen^e of the circle of curvature. 

46. See fig. Prop. XI. 
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Draw 80 bisecting the angle and meeting PG in 

0 ; then 0 is the centre bf the circle. 

Draw the ordinate OM at right angles to A C. 
tfow MG : NG i:VG : PG, 

:: 8GC8G+ PP, 

:: C8,*G8+AC {Btop. XI.) 
Also NG: NO:: CA^ - : A (7* (Prop. XIL) 

MG : NC-.-.{CA- GS) C8: AG\ ■ 

. . 'r. CA , G8-C8^: AC\ 

and g£: NC :: C8^: A C\ 

MG: NG-. GA'^C8-. AG\ 

:: G8:AG, 

MG: C8 :: NG : AG, 

83f: G8:: AN^ AG, 
and 8'M: C8:: A'N: AC,* 

8M% 8'M : C8^:l AN % AN : A G\ 

:: PN : B G* {Prop. XIII.) 

SM. 8'Bl: PN:: C8^ : CA^ - C8^. 

Also PN ^: GAP :: {CA + GSf : G8\ 

8AI. S'M: GAP:: {GA + CSf : {CA - C8)\ 

:: A'8^ : A8^. 

Hence the locus of G is an ellipse, whose major is 8S'. 
Also if Ch be the semi-minor axis, 

Cb : CS:: AS: A'S. 

47. Let P, P', Q, Q' be the four points of intersection. 

Join PQ, P'Q', and let these lines or these produced 
intersect in 0. 

Draw the semi-diameters Cp, Cp parallel respectively to 
and P'Q'. •> 

Then PO . OQ : P'O . OQ :: Gp *: G^ {Prop. XXIX.) 
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But PO . 0 Q =*P'0 . 0 Q' from the circle, 

Cp ^ Cj/. 

48. Let OP, OP" be the two lines at right angles to each 

other, and C the centre of the ^ellipse in any position ; then, 
as in Prob. 17, , 

OC^^AG^ + BC^ 

the locus *of C is the aft of a circle whose centre is 0. 

49. See fig. Prop. XXIV. 

Draw SM at right angles to CD, and let MS and CP he 
produced to meet in Q. Also draw QH at right angles to the 
axis. 

Now CH: CQ: CP, 

:: CM: GF, 

CS: CG, 

CH: CS:: CN: CG, 

:: GX: CS {Prop. XII.) 

CH= GX, 

.*. the point Q is on the directrix. 

50. For radius read diameter. 

t 

If 0 be the centre of the circle of curyature at 1, 

PO.PF^GD^ {Prop. XXVII.) 

PO : CD:: CD : PF, 

:: GIP .PF. CD, 

:: GIF: AG. BG {Pr^. XXII. Car.) 
Hence if GD^ = AG . BG, 

.'. PO^ CD, 

.'. also Pp* = A C. jB C-, 

.*. PO vs s. inean proportional between A G and BG at the 
same time that CD is. 

Hence, if a circle be described with centre G and radius 
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a mesfti proportional between A C ajid. B C, intersecting, the 
ellipse in J), and OB be* drawn parallel* Jo the tangent at D, 
P will be the point required. * 

51. See Prop. XXVI. 

If OP = CD, then 

PH. CP =% CP‘, 

PH =2 CP=^PP', 

.’. the circle of curvature meets the ellipse at the point P, 

52. Let the lines dAwn at right angles to AP, A'P meet 
in Q, and draw QM at right angles to AA' ; then 

QM: AM:: AN: PN, 
and QM: AM ;: AN : PN, 

.'. QM^ : AM. AM:: AN. AN: PN^, 

:: AC^: BG^ {Prep. XIII.) 

.*. the locus of Q is an ellipse, similar to and concentric 
with the given ellipse, and having A A for its minor axj^ 

53. Let G and c be the centres of the two ellipses, which 
intersect one another in the points P, Q, R, 8. Join P Q, 
R 8 ; and let these lines, or these lines produced, intersect one 
another in the poijflt 0. 

From C and c draw the semi-diameters C U, C V parallel 
to PQ, and cu, cv parallel to R 8; then 

PO . OQxRO . 08:: CIP: CV^ {Prop. XXIX.) 

and* RO . 0 Q : RO . 08:: cu^ : {ditto^ 

CU:GV::cu : cv. 

Now if the ellipses have their major axes at right angles 
to one another, it is evident that since the angles UCV and 
ucv are equal and CU, cu parallel, 

cuy = < cv, 

according as cv )> cm 
and .*. the only case in which the proportion 
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Cll: GVcu'. cv 

can hold go<Jd is when G U and, G are equal. 

Again, if the major ates of the elliplies are parallel, the 
only cases in which the proportibn can hold good is when the 
ellipses are similar, or as before when G U and G V are equal. 

But if tli^ ellipses are sinjilar, and their major axes parallel, 

they can only intersect in two points. 

c 

Hence, whether the major axes are at <^right angles or 
parallel, we must have 

CU^ GV 

.'. FO. OQ^EO. OS. 

And a circle may therefore be described through P, Q, R, S. 


54. Let VGV be the fixed diameter of the circle, along 
which GN is measured; ^ and draw the diameter I) CD’ 
parallel to ; then, .since NQ makes a constant angle with 

iVP, the diameter DGD' is also fixed. 

< 

Now PiV* = 7LV. F'xVfrom the cbcle, 

. VN. VN 

or QN^ : VN. VN:: GD^: CV\ 

. •. the locus of Q is an ellipse, of whicfi* G V and CD are 
the equal conjugate semi-diameters. 


The position and length of the equal conjugate diameters 
being now known, the ellipse may be constructed as follows. 

Draw AG A' bisecting the acute angle formed by VGV, 
DGJy, and BGB bisecting the supplementary angle formed 
by the same lines. 

Then A GA', B (7P'.-represent the directions of the major 
and minor axes of the ellipse respectively. 

Draw VM at right angles to GA, and Gv bisecting the 
angle A CB, and let these lines meet in v ; then 

the point v is on the auxiliary circle. 
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Take CA equal to 67y^and 

ACi: VmIvM-, 

then A C and B ^ are the semi-major and minor axes. 

55. It is evident from the symmetry that the two ellipses 
will have a common centre, ifad th»l that ceittre must coincide 
with the point where the diameters of the pjraUelogram 
intersect. 

Also since th§ ellipses are supposed to have their major 
axes of the same length, their auxiliary circles will also 
coincide. 

Now since any side of the parallelogram is a common 
tangent to both ellipses, and by Prop. XV. the feet of the 
perpendiculars from the foci upon the tangent lie on the cir¬ 
cumference of the auxiliary circle, it is evident, tliat the per¬ 
pendiculars from the foci of one of the ellipses upon the sides 
of the parallelogram, will coincije with the perpendiculars 
from the foci of the other ellipse upon the same lines. 

Or, in other words, the lines joining the foci of the ellipses 
will be at right angles to the sides of the given parallelogram. 
These lines will therefore form a parallelogram equiangular to 
the given parallelogram. 

56. Let If be the common focus of the ellipses, and S, 8' 
their other foci. •* 

Then, since the ma,jor axes of the ellipses are equal, any 
point wliere they intersect must be equidistant from 8 and 8'. 

Any point, therefore, where the ellipses intersect must lie 
upon the line bisecting 88' at right angles, for this line 
contains all thg points, wliose distances from 8 and 8' are 
equal to each other. 

And since this line can only intersect either ellipse in two 
points, it is evident that the ellipses themselves can only in¬ 
tersect in two points. 

57. Since arc SB — arc 8'B 

PE bisects fhe angle SPS\ 

• • • • * ^ 
and coincides with the normal P^ produced. 
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e 

Hence the triangle SJPB, QP8' are similar, 

^BxPBu.S'^: 8'P, 

:: C8 : OA (iVop. XL) 

::'C8 : CAiAC*; 

•But PB : P,^ ::JtO : 

\ :: AC* :BO^ (Prop. XII) 
8B:PQ:: C8. GAiBC*. 

58. Draw 80 bisecting the angle P88', and meeting the 
normal PQ in 0; then 0 is the centre of the inscribed circle. 
Draw OM perpendicular to the axis; then 

OM: PN:: OQiPQ, 

:: 8Q : 8Q+ 8P, 

:: 08: C8+ GA, 

OM: 08:: PM: CS+ GA, 

Also 2B: 8'P :: 8P: PN (Euclid VI. B.) 

2B.r : C8. 8'P:: 8P: GS-^ GA, 

ot 2 B .r: 8P. 8'P :: 08: G8 + GA. 

X <K ct 

59, Join 'Q.K, GL and let KL meet PQ. in O', then, since 
the 'angles at K and L are right angles, and the angle 8PS' 
is bisected by PQ, 

the triangles POL, PQK are equal in all respects. 
Again, since OP, PL are equal to OP, PK, 

and the L OPL = the L OPK, 

.'. OL — OK, 

and the /. POL == the l_ POK, 
is at right angles to KL. 


60. See fig. Prop. XV. 

Draw 8' 0 parallel to 8P meeting Y8 produced in 0; 
then 


8 0:8P:: 8 W: WI, 

::'8P+ 8'P: 8P, 
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8'0r=8P+ 8^1^ 2AO 

the locus of 0 is a 'circle, whose cemtre is 8 ' and radius 
2 AO. 

61. Draw the conjugate diameter OP parallel to TPt. 
Also di*aw the ordinate PJS ; theif, 

TP: OD::PN: DR, 

:: OR: ON {Prop. XIX. Cor.) 

:: CD : Pt, 

TP. Pt= CIT. 

But CP. PL ^ TP. Pt, 

.. 20P. PL = 2Cir, 

= PH. OP (Prop.XXVI.) 

.. 2PL^PH. 

Again, CP. CL= CP.PL+ CP^, 

= cir + dp\ 

= A 0^ + BC^ (Prop. XX.; 

62. Since OR' bisects PQ, the tangent at R' wjll be 
parallel to PQ {Prop. XVIII.) 

So tlie tangents at P' and Q' will be parallel respectively 
to QR and PR. .* 

the triangle rqp formed by the tangents at P', Q, R is 
similar to the trian^ P QR. 

Now, since P' Q' is equal and parallel to PQ, 

• .*. the triangle rP Q' = the triangle P QR. 

So the triangle qP'R = the triangle PQR, 
and the triangle p QR — the triangle P QR. 

.'. the triangle pqr = 4. the triangle PQR. 

63. See fig. Prop. XV. 

Draw the ordinate PN ; theil PN is a common chord of 
both circles. 


n 





34 ^ONic. SE^roNS. 

%w L NB'J^ LNfj^L Y'NP^ i_ T S'1\ 

and tASI^ LIYN^^L TNP = L YSP; 

But LYSP= LY'S'P,, 

LNS'J= LAST, 
znfjOS' = CS; 

IS aa^JS' will, when produced, meet CII in the same 
point. 

H 

64. Draw the diameter J? OP', and from any point Q on 
the ellipse draw QP and QP'. 

Also draw the diameters P OP', 2) r'T)' parallel respectively 
to QP and QP'. 

Now sincip C is the middle point of PP', 

PGP" bisects QP', 
the tangent at^P is parallel to QP', 
and therefore to D CD'; 

CD is conjugate to cM 

65. See fig. Prop. XVI. 

If SP and SP' are in th^same straight line, then the point 
O iy on the directrix {Prop. VIII.) 

and the L OSP is a right angle (Prop. VI.) 

.*. the L OMP is a right angle {Prop. XVII.) 

so also the L 0 JPP' is a right angle, 

.*. the angles ATOilf' and are equal to,two right 

angles. 

But MOM' = 2 POP', 

. 2 T + 0 = 2 right angles. 

66 . SOe fig. Prop. XV. 

BPS' = A TVfi-iS" - WSP, 

= 8Y,. YY' - SY. YP, 

= SY.^PT. 
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N.W PY' : 8' :: PY : /SV, 

SY. PY' :• 8Y,. 8’Y' »Y, 

or 8P8' : BCl:: PY i SY. 

So also if 8 Fj be perpendicular to the tangent at Q, 

A 8Q8' : BC^ : SY, 

But since the angles SPY, 8^Y, -are complenJfentary, 

PY : SY :: SY, .•QY,; 

A^SBS' : BC^ :: BC^ : A SQ8'. 

The angles, SP8', 8 QS' are evidently supplementary. 

’The least value of either of the angles is zero, and the 
greatest [_ SB S'. 

Hence the problem is evidently impossible, 

unless 2 SB S' \a 2 right angles, 

or SB <7 is ^ a right angle, 

in which case CS"^ BC^ 

ovBC<:^€8. 

fi7. Let CP be the fixed diameter; and CD the diameter 

which is conjugate to it in any one of the ellipses. 

•* 

On CP produced take a Jixed point 0, and from it draw 
the tangent 0 Q to the ellipse to which CD belongs. 

l>raw QV parallel to CD, meeting CP in V, and produce 
PC to meet the ellipse in P'. 

Now Cy. CO = CP^ (Prop. XVIII.) 

.-. CV is constant, 

.*. PV and P' F are also constant. 

Again, : PF.P'V :: CD^ : CP^ (Prop. XXL) 

But CD^^ CP% 

PV. P'V, 

.•. ^ F is constant. 
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•• 

Anji since the point V is also fixed, therefore the locus of 
^ is a c^cle«whose cfentre is V, and. radius a mean propor¬ 
tional between P V and P' V. 

68. See fig. JRrop. TV. 

Let A A' be onp of the Jonger sides of the rectangle, and 
P' fhe intersection of the ^ihgonals. 

Produce AJB', A'P' to mftet the tangents to the ellipse, at 
A' and A in P' and J&. 

\ 

Then JRH’ will be the side of the rectangle bpposite to AA'. 

Take any point P on the upper portipn of the ellipse, and 
join PP, jPR' meeting AA' in M and M'. ' 

Also produce the ordinate ATP to meet the auxiliary circle 
in Q. 

By similar triangles 

MM' : UK PM : PR, 

':: JAY : 

MM' : MN :: A A' : AN. 

MN : AM :: PN : AR, 

:: PN : BB', 

MM' : AM :: PN. A A' : AN. BB’, 

:: PN. AC :.AN. BC. 

PN : QN :: BC : AC {Prop. XIII. Cor.) 

PN.AC= QN ,BC, 

MM' : AM :: QN. BC : AN. BC, 

:: QN : AN 
MM' : A'M' :: QN : A'N, 
and A AT : QN i i QN i A'N, 

AM : MM' :: MM' : A'M'. 

69. See fig. B^op. XXIV. 

Draw perpendicular to P6r ; then 

PQ : PF r.^i^P : STL 


Alsb 


But 


So also 
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And if PM be the ordinate of P,* 

PmIpG*'.-. SH: SG, 

PQ . 'PM i PF . P(^ SP : SG. 

^ :: GACS. {Prop.Xl.) 

But PF . PG=:BC^ {PSop. XXilL) 

PQ . PM : B(f^ :: CA : G8^ 

PQ varies inversely Ss PM. 

70. See fig. P^cp. XIX. 

^ Draw QJI at right angles toAA'; then since the triangles 
QMS, CNP are similar,^ 

.-. QM : SM GN NP. 

So also QM : S'M :: GB : BE, 

QM^ : SM. S'M :: QN. GR -. NP. DR. 

But GN : DR :: AG : BG {Prop. XIX. Gor.) 

and GR : NP :: AG : BG, 

GN. CR : DR . NP :: A G^ : BG\ 

.-. QM^ : SM. S'M AG^ : BG\ 

Hence the locus of Q is an ellipse, similar to and concentric 
with the given ellipse, and which has SS' for its minor axis. 


PROBLEMS ON THE HYPERBOLA. 


1. Let £land S' be the <se.ntres of the given circles, anti P 
the centre of a circle ^escribed touching them both. 

Join SPy S'P, and let these lines, or these linc.s produced, 
meet the circles of which S and S' are the centres in the 
points of contact Q and Q'; then 

(1) If the given circles are touched both internally, or hiflh 
externally, 

since PQ = PQ' 

SP S'P = SQ ^ 

and the lopus of P is one branch of an hyperbola, of which 
8 and S' are the foci; but 

(2) If the given circles are touched, owe externally, and 
the other internally, 

SP + S'P = SQ + S'Q’ 
and,the locus is an ellipse. 

2. See fig. Prop. VI. 

Let the tangent at P meet the tangents at A and A', in 
U and U'; join SU, 8U'; then 

since UA and UP are tangents, 
the L USA = the L USP. {Prop. XIV.) 

So the l_ U' 8A' = the supplement of U' SP {Prop. XIV.) 

= \\x^LU'SQy 

.-. the L USA is half the L A SP, 
ai\d the L U' SA is half tire i_ASQ, 

US U' is a right angle. 

5 lies on the circle described upon UU' as diameter. So 
for the point S '. 
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3.‘See fig. Prop. XVIL 
Join 80, 8'0; then* , 

sftxce C8^- (7^ , 

AO^ = AS . AS', 

the,/. 808' isright aifgle, 
which proves the proposition, 

•4. See fig. Prop. XVI. 

Let PIT meet the conjugate axis in K-, then 

•ifP.: GK^ A : A 0\ 

or KP : PN^ A G^ : BG\ 

But - A G^ : PN'^ A G^ BG^ {Prop. X.) 

GN‘^ - AG^ = KP, 
or PK^ - KP = A G\ 

But PA'" - KP = PI . PI', 

PI . PT = A G\ 

5. See fig. Prop. VI. 

Let the tangent at ^ meet PTm, I 4-and join U 8 then 
Z7)S'bisects the l_A8P. [Prop. XIV.) 
and PPbiseets the L BPS' (Proi^/Vl.) 

Z7is the centre of the circle inscribed in the triangle 
8PS', which proves the proposition. 

6. PIP ; MIP :: QN^ : G 

:: AJSr . A'N : AG\ 

PAT" ; AN , A’N :: MN^: AG\ 

But PN^ : AN . A'N :: PC'* : .1C* {Prop. X.) 

.-. MN =BG. 

7. Since GT.GN ^ GA^ {Prop. VIII.) 

GT : GA :;*C4 : CA^/ 

CP : GQ, 

A Q is*parallel to PT. 
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8. .If P be one of the ^ints where the ellipse and hyper¬ 
bola intersect, and Vid 8' the comtnon foci; then 

The line PT which bisects the /. SPS^', is a normal to the 
ellipse, and a tangent to the hyperbola at the point P. 

the curves ifvtersect at right angles. 

9. T : TN, 
and.^'r_ i PN :i 

AR.A'r : PN* AT.AT : TN\ 

:: CA'‘-^T^\ TN\ 
CT.CN- CT ^: TN\ 

:: CT.TN: TN\ 

:: CT : TN, 

: :J0T,4^N^MN. TN 
^^LAC^.A4£A'-mProp. X.) 
or AR.A'r-.AC^ :: PN^-.AN.A'N, 

:: BC^xAC* {Prop.X.) 
AR.Ar = BC^ = AR'.A'r. 


lO'. See fig. Prop. XXI. 

Let LPl, L'PT be the two tangents; then 

CL.Cl = C8* = CL'. Cl' {Prop. XXII.) 

CL ; CL' V.CV-. Cl, 

LV is parallel to L'l. 


11. ^e fig. Prop. XVII. 

Since the L CE8 is a right angle, 

8E i CE :: AO ; AG, 

:: BC:AC, 

But CE = AG (Prop. XVIL) 

8E =? BG. 
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4 


It See fig. Prop. XVII. 

CEx'CO i-. CX : GA, 

:: CA*: C8{Prop.ll.) 
is parallel to 80. 

13. Since CP^ GD^ = {Prop. XXTV.^ 

.*. if AG^g= BG^ 

GP^ = GD\ 

14. NG :NG :: BG ^: AG^ {Prop. IX.) 

if BG^ = AG\ 

NG = NG, 

.*. PG = GP. 

15. See fig. Prop. XXV. 

Join QP, QP') bisect QP, QP' in U and U', and join 
G U, G IJ' ; then 

since QP' is parallel to GTJ, and QP to GU', 

.’. e'er bisects the chords parallel to GU', 
and CU' bisects the chords parallel to GU’, - 
.’. OCrand QU' are in tlie directions of conjugate diameters. 

But in a rectangular hyperbola the conjugate diameters are 
equal {Prob. 13), and are therefore equally inclined to either 
asymptote. 

Hence QP and QP', which are parallel to conjugate 
diameters, are also equally inclined to either asymptote. 

16. See fig. Prop. XXIIl. 

Since GPLJQ is a parallelogram, and that the diameters of 
a parallelogram bisect each other, 

.". PD is bisected by GL. 

17. See fig. Prop. XVI. 

Join AP, and produce it both w^s to meet the lines 
drawn through A' parallel to GR and GrinQ and Q\ Also 
let Q Q' meet GR and Gr in U and U'; then 

PU= A U', and PU'= A U(Prop. XIX.) 
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But since A A’ is J)ise«ted in C, 

AU,a.nd^'lf'^ AU\ 
PQ = UW', and PQ' = T/f/', 
PQ = PQ', 


\ 

18. See % Prop. Xxkjl. 

SP,^ PI {Prop. XXXII.) 

= CR-A C {Prop. XVII.) 
So also S'F ^CR-BG. 

.-. 8'P' - 8P = AC-BC. 


19. Draw CZ parallel to 8P, and DZ perpendicular to 
CZ- also drew 8Y and 8’Y' perpendicular to the tangent at 
P ; then 


the triangles BPIG, 8PY 2 ix<i similar. 

BE : CB :: 8Y : SP, 

:: 8'Y' : 8'P {Prop. XII.) 

BE^ : CB^ :: 8Y. 8'Y' : 8P. 8'P, 

:: BC‘^ : CB'^ {Prop. XXXII.) 
.-. BE=BC. 


20. Let CP, CB be the given conjugate diameters. 

Join PB, and bisect PB in H ; and join CH. 

Also draw CK parallel to PB ; then 

GH and CK are the asymptotes. 

Bisect the angle HCK by the line CA, and draw CB at 
right angles to CA ; then 

GA and CB are in the directions of the axe.s. 

Draw the ordinate PN, and the tangent PT parallel to 
CB, meeting CNin T. 

Take CA a mean proportional between CK and C T ; then 

CA is the transverse semi-axis. 
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Also produce NP and GI£ to meet m E, and take BC a 
fourth proportional to 22^, P}T, and A Uf so thaf 

* IfN : PN :;AO-. BC. 

• • 

Then BG'ib the conjugate semi-axis. 

JE * 

21. Draw the ordinate ; then, since the hyperbola is 

reotangular, A 

PN^ = GN^ - GA^ {Prop. X.) 

PN^ +,AG^^ GN\ ^ 

or AQ^ = PQ\ 

AQ = PQ. 

22. See fig. Prop. XXV. 

Let GP and GD be a pair o^ conjugate diameters, which 
will be equal, since the hyperbola is rectangular. 

Let Q V, drawn parallel to GD, pass through the focus S, 
and let it meet the hyperbola again in q. 

Through 8 draw the chord SQ'V'q parallel to GP, 
meeting both branches of the hyperbola, and intersecting 
GD' in V. 

Draw the ordifiates PN, D'M' at right angles to the 
transverse axis, and let the tangents at P and D' meet this 
axis in the points Tand T' respectively; then 

GV '. GP :: G8 : GT. 

But GS. GX= GA^ = GN. GT[Prop$. II. and VIII.) 

G8 : GT :: GN\ GX, 

Hence GV‘ : GP :: GJSP : GX^ ... . (1). 

Again GV : GD' :: GS : GT'. 

But GT'. GM' = GA* {Prop. XV.) 

= G8. GX {Prop. II.) 

.'. G8 : GT’k: GM' : GX, 

Hence GV'^ : GD'* :: GM"^ : GX^ .... (2). 
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from (1) and (^, 

: CP^ 


But 


But 

and 


CiV* CM'^ : OX\ 

*CN^ - PN^ : ' CX -^ {Prop. XVL) 
A : CX‘ (Prop. X.) 

CS^ : GA{Prop. II.) 

^ C8*==2GA\ 

CV* -CV'*==2 CP*, 

cv* - cr =cp* Gv\ 

QV*=CV*- CP* {Prop. XXVI.) 
Q' V'^ = CV* + CP* {Prop. XXVI. c<yr.) 
QV= Q'V, 
or Qq = Q'q'. 


23. Since the hyperbola is rectangular, 

PN* = GN. NT {Prop. X.) 

PN : NT :: CN : PN, 

.*. the angle PTN = the angle CPN, 

.'. the angle TCY = the angle PGN. 

Hence CYGT : : GN : CP, 

GY. CP = CN. GT, 

= GA * {Prop. VIII.) 
GY : CA :: GA : CP, 

.'. the triangles GY A, (7.^4 P are similar. 


24. See fig. Prop. XVII. 

Let Q be the centime of the circle. 

’ Draw QF at right angles to G O, and let the latus rectum 
SL be produced to meet the asymptote CR in II] tlien 

QF : QG u GA : CO, 

:: ^BG ; CS. 
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QF : QF+ QG X-. BTC : BG+ OS', 
or QF : BG -.u AG :• B’§, . •,. . (1)< 
wherefS'^ is the focu8,of the cohjugatj hyperbols^ (Art. 56). 
Again, LS^ ; G - GAS :: BG^ : AG^, {Prop. X.) 
or i/S* : BG^ :: 5(7* : AG\ 

: BG 5(7 : !>a 

and H8 : 5C7 :: (7^ -.^AG, ^ 

5X.: 50 :: G8 ~ BG : AG, 

:: 55, : AG .... (2). 

Now 55.5'5‘ = 05* - 05*, 

II ».* 

= o*, 

ylO : 5'5, :: 55, : AG. 

Hence QF -. BG %\ HL : 50, 

. . QF=HL. 

25. See fig. XIX. 

Let the chords be drawn parallel to 05 ; then 
GH. HR iRQ.QB'r. 05*: 55'*, 
or GH. GH : 55* 05* -.4 55* (Pro;?. XX.) 

:: GH : 4 55*, 

A^'GH.GH' = 05* = 4 05*, 

.-. 05. 05' = GK\ 

26. RK: RP :: P'K' : 5'5', 

but 55 = 5'5' (Prop.^IX.)- 

.^5 = 5'/v', 
so also R'K' = 55. 

27. Draw 55 perpendicular to A A' produced; then 

RM‘. PN :: AM: AN, 
and 55: QN :: 4'M: A'N, 

.-. 55*: PN. QN :: ^5. A'5: AN. A'N, 
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but PN;qN= AN.A'N, 

= AM.A'M. 

the locuji of is ^ rectangular hyperbola, of trhich 
-4 ^4' is the transverse axis. 


£8. See fig. Prop. XXlii. 

Let P be’^one of the points in which the hyperbolas in the 
figure intersects the lij'^perbola whose axes are in the directions 
'of CL and CV then, since the hyperbolas* are rectangular 
and equal, it is evident that 

CP bisects the angle RCN. 

Now the angle CPT = the angle PCD, 

= 2. the angle P CD, 

= the angle R C2\, 

= half a right angle, 

the angle between the'tangents to the hyperbolas at P is 
a right angle. 

29. ' Join A'P, and draw PK at right angles to A'P, meet¬ 
ing the transverse axis in K ; then 

since PiV* : AN. A'N x-. BC^ : AC'^ {Prop. X.) 

A'N.NKx AN. A'N :x BC'^: AG\ 
or NK: AN :: PC'®: AC\ 

:: QP: AQ, 

.•. NQ is parallel to PK. 

.*. also QH drawn at right angles to QN is parallel to A'P. 

Hence AH: HA' :: AQ : QP. 

30. Let 8H be the given base; and P, Q the points of 
trisection of a segment described upon it. 

It is evident^that P ^ is parallel to 8H. • 

Bisect 8H m X, and draw XM perpendicular to PQ, 
bisecting it in ilf; then ' 

8P = PQ^= 2 PM. 




the locus of P is a liyperW^ wliose focus is 8, and 
directrix XM. 

.‘U. Since the triangles 8Cs, TO fare equal (Prop. XXII.) 

also the triangles TVS, tVs are equal, 
and the L ^ FP is equ51»to the L^Vt, 

V8 \ Vs :: Vt : VT ^Pitch’d, VI. 14^ 

82. See fig. Pwp. XII. 

Let S' Y' meet the auxiliary circle in Z '; and draw Z'M' 
perpendicular to S'P, flien 

S'M' : S’Z':: S'Y' : S'P, 

S'M’.SP = S'Z'.S'Y', 

= BC^ [Prop. XM.) 

.'. ZM' is the chord of contact of the pair of tangents 
drawn from P to tlie circle whose ffentre is S', and radius BG. 

Again, since CY produced passes through ..2", and C’Fis 
parallel to S'P, 

the L. CZ'M' is a right angle, 

. ZM’ touches the auxiliary circle. 

83. (1) Let C hfe between A and B ; and let tlie tangents 
A Q, BE meet in P; then 

AP yT'PB = AQ ^BR, 

= AC ^BC. 

Thqj-efore the locus of P is a* hyperbola, of which A and 
B are the foci; unless AG is equal to i?(7, when the locus is 
a straight line bisecting AB at right angles. 

(2) Let C be on. AB produced, and let the tangents AQ, 
BE as before meet in P; then. 

AP + BP = AQ + BE, 

^AG + BG, 

the locus of P is an ellipse. 
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34. Draw' QM perpendicular to A A'; then 

Qk: AM 'y. FN*: AN, 
and QM:A'M y P'N: A^N, 

Q^P : AM . A'M : AN. AN, 

:: BC^x AG*. 

the loqjs of ^ is a hyperbola, of which AC and BC are 
tlie semi^axes. 


35. Since PF. CD = AG. BC,\ ^ 

and PF.PG = BC*. S 

CD : PG :: AC:BC;' 
hence, whdti the hyperbola is rectangular, 

" PG = CD ^ PL {Prop. XXIIl.) 
and PL = PI {Prop. XIX. Cor.) 

.'. the angle LGlia a right angle. 


36.' Let A be the common vertex, and NPQ a common 
ordinate to the ellipse and parabola; then 


PN* ; AN . A'N :: BC* : AC*, 

or denoting the diameter of the circle of curvature at A 
by 2B. 

PN*: AN. AN.-. R. AC AC* {Prop. XXVI. Ellipse) 

:: R -. AC, 

■..2^R.AN -. 2AC. AN, 

PN* : 2R . AN AN . A'N : 2AG . AN. 

A'N : 2 AC. 


But QN^AAS.AN, 

— 2R \ AN {Prop. XIX. ParchoU) 
:. PN*, : QN* :: A'N : 2AG, 

Now in the ellipse is less,than 2AC. 

PN is < QN. 
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Again, if NP is an ordinate of tlie hyperbola, the s^me 
demonstration applies, exchpt that 

*A'N is > 2AC, 

and .•*. PN > QK 


37. Produce PQ ko meet the asymptote in r,^and draw 
PL parallel to CB\ meeting CB m L; then 

• _ 9 _ 

since Rr is bisected in Q^{Proj). XIX. Cor. 1) 

2QK ^ CB, 

•= CL + BL. 

But BL = P'H', 
since BP = B' P' {Prop. XIX.) 

. . 2QK = CL + PW, 

= PH ^ PIT. 


38. Draw PH, PH', parallel to one asymptote, and PK, 
P K' parallel to the other. 

Let PH, PK' meet in Q', and PH', PA'in Q ; then 
PH . PK = PH' . PK' {Prop. XXI.) 

.\ P^ : P'K' :: PH' : PK, 
or dir : KQ :: CK' : K'Q', 

QQ' passes through (7. 

.39. Draw PH, PK parallel to the sides CI^ CE of the 
rectangle; then , 

4Pi/ . PK = CE . CF, 
and is therefore constant. 

Hence the locus of P is a rectangular hyperbola, of which 
the sides of the rectangle are asyihptotes. 

40. Let the tangent at P meet flie asymptotes CM, CN'm 
L and 1. * 
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Join 31N; then 

F3{^n6PPN a]«*tangents'to the'ellipse (Art. 36, Fef.) 
tlie tangent at Q is parallel fo 3fN {Prop. XVIII. Ellipse.) 
Also, since LI \& bisected in P (Prop. XIX. Cor, 1) 

<7Z;,and Cl »re bisected in 31 and N, 



/, Pfis parallel to 31^, 
the tangents ^t P and Q are parallel. 


41. NP . y Q = AN . A'N,^ 

.\ PA"^ ; NP . NQ :: BC^ : AC\ 
or PN : QN : : BC^ A C\ 

:: BC i B'C, 

if 'B' (7 be a third proportional to BC and A C, 

QN^ : PN^ :: P'(7* : BC% 

and PN^ ; AN 1 A'N :: PC'* : A C\ 

QN^ : AN . A'N B '; AC\ 

the locus of $ is a hyperbola, of which A C and P' C 
are the transverse and conjugate semi-axes. 


'“42. See fig. Prop. XXV. 

Let PP' be the diameter, and Q any point on the curve. 

Join PQ, P'Q, and draw CU parallel to P Q, bisecting 
PQ in the point U. 

Then if GU' be drawn parallel to P^, GU and CU' will 
be conjugate, diameters, and therefore (see Proh. 15) will 
make equal angles t^ith Clt, as also with (7Pand CD. 

Hence L QPP - L QP'P = LU'CP ~L UCP, 

= L U'GP- L U'CD, 

= LP'GD. 

f 

c 

43. Let TPt be a common tangent to the hyperbola and 
any one of the el^tic quadrants APB, and let it meet the 
asymptotes CA, VB in T and t. 
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Draw the ordinates PN, Pn parallel respectively to Ct 
and (7 T; then ‘ ’• * - 

since TPt is t)i^cted in P {Prop. XIX. \)<yr. 1) 

(yT is bisected in iV. • 

But from the ellipse A = (^N . CT, 

^ 0'’“ = 2 GN\* 

So also BO^^= 2Gn\ 

A-G‘^^: BG‘^ GN^ : Gn\ 

.‘.AG : BC :: GN -. Gn, 

AG . BG : BG^ :: GN . Gn : Gn], 

AG . BG = 2GN . Gn, ’ 

= 24^^^. (. Top. XXI.) 

44. Produce OP to meet GD, the diameter conjugate to 
CP in P; tlien 

OP -.PQ-.-.GP: PF, 

OP. PF = PQ .GP, 

= GP\ 

C is the centre of the cirele of curvature at P,. {Prop. XXTX.) 
46. See fig. Prop. XXV. 

Let Gl and OL be conjugate diameters of an ellipse, with 
G as centre, described touching the hyperbola, of which Gl 
and GL are asymptotes, in P. 

Draw the common tangent IfPl, and firom the point L draw 
LDV, touching the conjugate hyperbola in P;*tnen 

GP and GD are conjugate^diameters of the hyperbola, 

and PD is parallel to IV. (Prop.’XXIII.) 

F. 2 
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J oin PD, meeting^ CI 0 in M ; then 

since PD is a ][(arallelogram, 

.'MdD = PM. ' 

^ • 

Hence, since GL and CV are conjugate diameters of the 
ellipse, • . . 

D is a point on the ellipse; 

and, since the tangen| to the ellipse at P is parallel to CZ>, 
the tangent to the eUipife at D is panallel to CP, 

LD touches the ellipse at D, 

or the^ elHpser and hyperbola have a common tangent at D, 
and th'erefore touch one another. 

* 

Also CP and CD are conjugate diameters of the ellipse, as 
well as of hyperbola. 


46. Let Q, Q' be the points where the common tangents 
QP, Q'P' touch the hyperbola, and P, P' the points where 
they touch the ellipse. 

TKrough 0, the point of intersection of QP and Q'P, draw 
CO, meeting PP and QQ' in ?7and V respectively. 

Join CQ, CQ' meeting the ellipse in q, q' ■, then 

ft 

since QQ\ PP are bisected in V and i7,.they are evidently 
parallel. 

Now, since a ^ line drawn through q, parallel to PP and 
QQ', will be bisected by CUV, whether it be terminated by 
the ellipse or CQ‘, it is evident that 

q^' is parallel to QQ. 

Hence CQ : CQ' :: Cq : Gq\ 

an ellipse similar to the given ellipse, and having also G 
for its centre, can be jiescribed through the points Q and Q'. 




47. Let PQ, P' O' be the radii of curvature at P and P' 
■^““tively; and let PF, P’F* be the.perpendiculars from P 
, upon the diameters CD and CD', coiriugate respectively 
and CP; then 
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PQ.PF = Cp^ {Prop. XXIX.) 

.-. PO .PF.GA = Qb\ 

or PO . AG\ BG = <72>» {Prop. XXT, Gor:) 

So also P'O'. AG . he == bl)'\ 

. . PO : P'O' :: GD^ * eD'\ 

GPU GP'^ {Prol.\%), 

sinoe the hyperbola is rectangular. 

48. Let R and 8 be two of the points of intersection on 
the same side of PQ ; ‘and let P Q intersect th» hyperbola in • 
p and q. * 

l)raw O V bisecting PQ in V; then 

since Pp = Q^ {Prop. XIX.) 

. *. V is also the middle point of p q. 

Now, since the chords which are drawn parallel to PQ are 
bisected both in the ellipse and hyperbola by OV, it is 
evident thal. the chord drawn from R, parallel to P^,^ust 
meet the ellipse and hyperbola in the same point. 

Hence R 8 is parallel to P Q. 

So also, if R\ 8' be the points of intersection of the hyper¬ 
bola and ellipse on*the other side of PQ, 

R'8' is parallel to PQ. 

J’roduce PR to meet OF in T, and produce T8 to meet 
PQ in Q' ; then if meet OV in M, 

Q'V : TV :: 8M : TM, 

RM : TM, 

:: PV : TV, 

:: QV : TV, 

Q and ^coincide, 
and T8 passes through the point 

Hence, since the tangents to the h^erbola at R and 8 
nyeet 0V in the same point {l^rop. XXVII. Cor), and PR and 
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QS have also been pro^d to intersect on OV, it is eVidcnt 
that. * . • 

if PB the fangent at B, 

Q S must also be the tangent at A 

Jjastly, whether V"b& the point where BQ or PS intersects 

oV, 

3fU . : : BMxFV, 

. •. BQ and PS mfeet on theJine OV, whicli bisects PQ. 

49. Let the points A apd B be on the same branch of tlio 
hyperbola. 

Leti:.4 Q and BP intersect in B, join C'jR,.and produce Clt 
to meet .4^ in O ; then, since the angles at Pana Q are right 
angles, arid the three perpendiculars from the angles of a 
triangle on^tlie opposite sides meet in a point, 

. •. CB is at right angles to A B. 

Now by similar triangles 

COiOA -.x BO .OB, 

.-. CO.OB = OA . BO. 

Hence, by the converse of the Cor. of Projj. XXVIII., since 
the hyperbola is rectangular, C is also a point on the hyper¬ 
bola, but situated on the opposite branch to tliat on whicli A B 
is drawn, and on which C moves. 


PROBLEMS ON THE SECIJONS OF THE CONE. 

1. See fig. Proph. 

Let G be the centre of the sphere inscribed in the cone, and 
touching the pline of the paJhbolic section in the focus 8. ^ 

Join GA, GE-,\h^n 

, since ..4 is parallel to Oe, 

is evident that 

the l_ AGO \s di right angle 

Now 8A •. AO X’, AE : A 0. 

But since AE : AG :: AG : AO, 

AE :AO :: AG^: AO\ 

Hence 8A : AO :: AG’‘: AO\ 

the ratio of 8A to AO is independent of the position 
of the point A, and depends only upon the vertical angle of 
the cone. 

The foci therefore of all parabolic sections made by pfenes 

{ )erpendicular to tlie plane of the paper, will be upon a straight 
ine drawn through 0 ; and the foci of all the parabolic sec¬ 
tions that can be made by any planes, upon the surface of the 
cone formed by the revolution of this line round the axis of 
the given cone. 

2. See fig. 2’, Proj?. I. 

G8:CA :: 8A : AX, 

:: AE’.AX. 

Now if the ratio oi AE to^X is fixed, 

since A EX is a fixed angle,^ 

, arid AE is dess than AX, 
and AXE is therefore less than a right angle ; 
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the /. A xi} is fixed, and can have only one value (Euclid, 

VI. 7.)*. . - 

also tjxe L ^A 0 is fixed. 


Draw AC tx> the centre of tlie inscribed sphere bisecting 
th^angle 8AO', ‘then the*^ngle CAE is a fixed angle. 

Now 8A'.Aq,'.'.AE:A0, 

and the ratio of AEix> AO is compounded of the ratios of 
AE : AG and AO : AO ; but Since the L CAE is fixed, the 
ratios oi AE AC, and AC : AO are both fixed ratios. 

' Hence 8A i AO is a, fixed ratio. 

C * 

Therefore, as in the preceding problem, the locus of 8 is 
cone, havifEg 0 for its vertex. 

In the sal)^ manner it may be shown that the other focus 
• 8' wiU always lie on another cone which has also 0 for its 
vertex. 


3. See fig. 2, I. 

Let .4.4' be the major axis of one of the ellipses. 

Since the cutting planes are parallel, the major axes of the 
elliptic sections wiU oe parallel also. 

Hence, if 0 be joined with the middle P 9 int of A A', the 
line so drawn will also pass through the centres of all the 
other elliptic sections. 

If through this line a plane be drawn perpendicular to the 

E lane of the paper, the extremities of the minor axes will all 
e on the two lines in which this plane intersects the surface 
of the cone. 


4. See fig. 1, Prqp. L 

The latus Te«y..um = 4.4 8, 

and in Prob. 1 it has been shown that A 8 bears a ratio 
to .4 0, depending only upon the vertical angle of the cone. 

Hence the latus rectum varies as .4 D. 





PROBLEMS* 



5. T3ee fig. 3, Prop. I. 

The angle KOL represents* half the •angle 1)etween the 
asymptotes of the section made by 9 plane paisallel to KOL. 

Now, in the rectangular hj^erbola, the angle between the 
asymptotes is a riglit angle, find •the greaiest value which 
K Oh admits of is half the vertic^'tingle of the cone * 

Hence, if the vertical angle of «the cone is lesa*than a right 
angle, it will be impossible to cut it in sftch a manner that the 
section may be equilateral^yperbola. 

When the vertical angle is a right angle any section made 
by a plane parallel* to a plane through the axiy will intersect • 
ttte curve in a rectangular hyperbola. * 

When the angle ROr xs, greater than a right aflgle, bisect 

OR in F, and draw VZ at right angles to making 
'yZ equal to 1^ and join OZ; then 

072* = 2 OZ\ 

With centre 0, and radius OZ, describe a circle, cutting 
Rr in L ; then 

KU = OK^ - 0L \ 

= OR^- 0L\ 

= 2 0L^- OL\ 

. = 0L\ 

Hence the angle KOL in half a right angle, and therefore 
any plane parallel to KOL will intersect the cone in an 
equilateral hyperbola. 

6 . When the cutting plane is parallel to jOJand Oi, the 
perpendicular from 0 on the cutting plane is the conjugate 
semi-axis of both hyperbolas. 

The latera recta are therefore inversely proportional to the 
transverse axes. (Art, 48.) 

Also 01), Od, and OD, 0d{ are parallel to the asymptotes 
of the hyperbolas in the cones whose axes are respectively # 
01 and Oi. 

Let Oa, ah, measured alohg and perpendicular to OI, 
represent the semi-axes of the one hyperbola, and Oa', a'b', 
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measared afong and perpendicular to Oi*, tlie semi-ax'es of 
the other hyperbola, * • < * 

Then Oa : ^ab '.:*0I : Qi, 

and ' a'b' : Oa •.■.•‘01 : ‘Ot; 

• siuce . ab>^— a'b', 

Oa : da' : : OT : 0{\ 

the la|^era recta are as Oi* : OP. 

Next, when the cutting planer is perpendicular to 0/ and 
Oi, the transverse axis ot the hyperbola is equal to the major 
, axis of the elljpse. • . 

Let*-4^' be the common axis (see fig, B, Froj\ L), C tke 
common <y?ntre; then, if Cu u' ^ drawn parallel to C/7, 
meeting OD, Od' in u and u ; then 

the latera*Tecta are as CU. CU' : Cu . Cu' {Prop. I.) . 

as OP : OP. 



APPENDIX. 


1. The foliowir^ is an independent solution of Froh. 26 of 
the Parabola. 

*Join AP, A^Q, and let Ijjiem meet'in p and the liue 
drawn through 0 at right angles to the axis; then since 

: PM :: AO : AM, 
and PM : 4:AS :: AM : PM, 

Op : 4AS :: AO ; PM. 

So also ■ Oq 4 AS AO : QN, 

. . Op Oq :: QN : PM, 

:: go : PO, 

. ■. pQ is parallel to Pq, 

.'. Ap ; AP :: AQ : Aq, 

A 0 : AM :: AM : A 0, 

AO^ = AM. AN. 


2 . The following proof of the more general proper^, of 
which Prcib. 44 eff the ellipse is a particular case, is deserving 
of notice. 


Let 0 be any point. It is required to find the locus of the 
middle points of chords drawn through 0 

Join OC, and produce it to meet the ellipse in K and K'. 

Draw any chord POp, and let Q b*e its middle ppint, and 
through K draw the chord KR parallel to POp. Produce 
C Q to meet KBinr', then KR is bisected in r. 


Hence OQ : Kr :: OC : CK, 

.-. OQ : KR'y. 00 : KIN, 
i.e. 0 ^.bears a constant ratio to KR, 

*. the locus of Q is an* ellipse similar to the given ellipse. 
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WOBKS by the Rev. BAR.KAKD SSEITH, I£.A. 

Fellow of St. Peter’s College Cambridge. 


Arithmetic and Algebra 

In thoir Principles and Applications. 

inth ni(morot(s s^ste7nat~ 

ically arranged. 

Eighth Edition. 69Gpp. (18G1). Crown 
8vo. slrongl}’ bound in cloth. 10s. G(/. 

The first edltif/n of tins work was published 
in It NNUK piiinarily intended for 

the U'O of students at the Uiii\er«ities, 
and ttir Schools, 'v^hicli prepare lor the 
CniA crMtif''. It has however been louml 
to met t the requireinentH4>Tu much larger 
elash» uiiil is ncm extensively used in 
iHvhooU and Collegfi* both at home and 
in the Colotnr/<. It ha-also been found 
of g«eat serMce for students preparing 
for the Miin>i.K-CL\ss and Civil and 
W iLiTAuy SniMCK Kxamisatioks, from 
the care that has boon taken to elucidate 
the pritietplvi^ of all the llulcs. Testimony 
•of its e<etdlence has been borne by some 
of the highest practKgil and theoretical 
Buthoritie>; of which the follow'ing liom 
the late DFAN PEACOCK may be taken 
An a specimeh. 

“ Mr. Smith’s Work is a most useful puh- 
lication. The Rules are stated with great 
cleurncHs. The Examples are well selected 
and worked out with just sufficient detail 
without being encumbered by too minute 
explanations j and there prevails Ihitiugh- 
out it that just proportion of theorv and 
practice, which is the crowning •excellence 
of an elementary work.** 


2. Arithmetic 

For the Use of Schools, 

jfcvr Edition (1862) 348 pp. 
Crown 8vo. strongly bound in cloth, 
4^. 6c?. Ans^vers to all the Questions. 

3. Key to the above, containing 

Solutions to all the Questions in the 
latest Edition. Crown 8vo. cloth. 
392 pp. Second Edition. Ss, 6d. 

To meet a widely expressed wish, th% 
AUITIIMETIC was published separately 
from the larger work in 1854, with so much 
altei’fition as was necessary to make it quite 
indeiiendent of the AEGEllRA, It has now 
a large and increasing sale in all classes of 
Schools at home and m the Colonies. A very 
copious collection of Examples, under each 
rule, has been embodied in the work in a 
systematic order, and a Collection of ISliscel- 
laneous Papers in all bnmehes of Arithmetic 

I have been app^ded to tUb book. 

» 

1 4. Exercises in Artth- 

metic. 104 pp. Crown 8vo. (1860) 

I 2s. Or with Answers, 2s. 6d. Also 
sold separately in 2 Parts each. 
^Answers, 6d. 

The EXERCISES have Jieen published in 
order to give tbe pupil qjiamples of every 
rule in Arithmetic, and a great number have 
b(^n carefully compiled from the latest Uni¬ 
versity and School Examination Papers. 



4 , CA]S:bBIDGM cla^s boqks 

W&BKS by XSA^C TODHtrNTBB, K.A. B.B.S. 

FeUoir an^ Principal It^athematiool J^turer of St. Joi^n’s College, Cambridge. 

1 . Algebra. 


For the Jlee of Collegee and Schooh.^ 

Third Edition. 642 pp. 

Strongly haund in cloth. 

This work contains all t£e propositions 
which are usuaUy included in elenicntoryr 
treatises on Algebni, and a large nunibc'r 
of £xamples for Ilrerciae. The author has 
sought to render the work easily intelligible 
to students without impainng the accuracy 
of the demonstrations, or contracting the 
limits of the subject. The Kxamples have 
been selected with a view to illustnite even.* 
]>art of the subject, and as the number of 
them is about sixtem hundrvd and fifty^ 
it is hoped tbay m ill supply ample cxcrciHc 
for the studenC Kach sot of Exampich has 
\>een carefully amuigod, commencing with 
very simple exercises, and pn>ceedmg gradu* 
ally to those which arc less obvious. 


4 

2. Plane Trigonometry. 

For Schoole and Colleges, 

l^econdEdit. 279 pp. (1860). Cm. 8vo. 

Strongly bound in cloth, he. 

The design of this work has been to render 
the subject intelligible to beginners, and at 
the same time to afford the student the 
opportunity of obtaining all the inhinuation 
which he will require on this branch of 
Mathematics. £a<Ai chapter is followed by 
a set of Examples;(those which are entitled 
Miscellaneous Examples^ together with a 
few In^some of the other sets, may be ad¬ 
vantageously reserved by the student for 
exercise after he has made some progress 
in the subject. As the Text and Examples 
of the present work have been tested by con¬ 
siderable experience in teaching, the hope is 
entertained that they will be suitable for im¬ 
parting a sound and comprehensive know^ 
ledge of Plane Trigonometry, together with 
readiness in the application of this know¬ 
ledge to the solution of problems. In the 
Hecond Edition the hints for the solution sf 
the Examples have been considerably in¬ 
creased* 


Spherical Trigronometry 

For the fjse of Colleges and Schools. 

112 pp. Crown 8vo. (1869). 
Strongly bound in cloth. 4«. &d. 

This work is constructed on the some plan 
as the ‘IVeattse on Plane Tt'iyimomett'y^ to 
which it is t'ntcndcd as a s^uel. Con¬ 
siderable labour has been expended on the 
text in order to render it eumprehensiye and 
accurate, and the Examples, which have been 
chiefly selected Irbm l"ni>eraity and College 
PaiK‘i>, have all been carefully verified. 

4. The Integral Calculus 

Jlnd iff Applications, 

Wilh numerous Examples. ^ 

Second Edition. 842 pp. (1862). 

Crown 8vo. cloth. 10s. 6f/. 

In writing the present Treatise on the 
Integral Calculus, the object has been \o 
produce a work at *»/ice elementurj ami eom- 
plete—adapted for the use of bi'ginners, ami 
sufficient for the wunth of advanced htudents. 
In the selection of tlie pn)|K)hitumh, and in 
the mode of establishing them, the author 
has endeavoured to exlubit fiillj ami clearly 
the principles of the subject, mid to illus¬ 
trate all their most iiniiortant results. In 
order that the student mav fiml in the 
volume all that he nMpiircK, a large collec¬ 
tion of Examples for exercise has been ap¬ 
pended to the different chapters. 

6. The 

Differential Calculus. 

fKilh nmnerotts Examples, 

Third Edition, 398 pp. (I860). 

Crown 8 VO. cloth, 10«. 6(^ 

This work is intended to exhibit a com¬ 
prehensive ww of the Differential Calculus 
on the method of Limits. In thq more ele¬ 
mentary portions, explanations nave been 
given in considcrrfole detail, with the hope 
that a reader w'bo is without the ast^istaiico 
of a tutor may be enabled to acquire a com¬ 
petent acquaintance with the subject. More 
than one ^vestigation of a theorem has been 
frequently given, because Is believed that 
the student derives advantage ft*oiu viewing 
the same proposition under different aspects, 
and that in order to succeed in the examina¬ 
tions which he may have to undergo,^ he 
should be prepared for a considerable variety 
in the order of arranging the several branches 
of the subject, und for a corresponding 
Variety in the mode of demcmstration. 



FOR SCHOOLS AND COLLEGES. 

WOBKS by ISAAC TOpHTJNTEEj^M.A- B’.E.S.-Mniwttcrf. 


6. Analytical Statics. 

With numerous Examples. 

Socond Edition. 330 pp. (1858). 

Crown 8vo. cloth. ]#«. 6d, 

In this work will be found aU the pro¬ 
positions which usually appear in treatises 
on Theoretical Statics. •To the different 
chapters Examples ai’c appended, which 
have been selected principally from the 
University and (’oUege Exaiuipati^ Papers; 
these will furnish ample exercise in the ap¬ 
plication of the prmciplesiif the subject. 


7. AN ELEMENTAllY TREATISE ON THE 

^Theory of Equations. 

With a Collection of Examples, 
CrowTi 8vo. cloth. 7s, 6d. 

This treatise contains all the propositions 
which are usually mcluded in elementar}* 
treatises on the Theory of Equations, to- 
pether with a collection of Examples for 
exereUe. It may be read by those who are 
familiar i^ith Algebra, since no higher know¬ 
ledge is assumed, except xn Arts. 175, 267, 
306—314, which may be postponed by those 
who are not acijuainted witi l)e Moivre’s 
Theorem in Tngonoineti*}’. • This work may 
fact bo regarded as a sequel to that oh 
Algebra by the some writer, and accordingly 
the student has occasionally been referred 
to tho^lfeHtLsc on Algebra for preliminarj* 
information on some topics here discussed. 


EXAMPLES OF 

• 

Analytical Geometry of 
Three Dimensions. 

76 pp. (1858). Crown 8yo. cloth, is, 

A collection of examples in illustration of 
Analytical Geometry of Three Dimensions 
has long been required both by students and 
teachers, and the present work is published 
with the view of supplying the want, i 


• * # 

9. Plane Co-Ordinate 
, Geometry 

AS APPLIED W THE STRAIGHT LINE 
THE CONIC SECTIONS; 

With numerous Emmples, 

Third aid Cheaper Edition, 
£rown8vo.cl. 326pp. (1862). 7a. 6^?. 

This Treatise exhibits the subject in a 
simple manner for the beneftt of beginners, 
and at the same time includes in one volume 
all that students usually require. The Ex¬ 
amples at the end of each chapter will, it 
is hoped, furnish sufficient exemse, as they 
have been carefully selected wuh the view 
of illustrating the most important points, 
and have been tested by repe^d experience 
\nth pupils. In consequence of the demand 
for the work proving much greater than haf 
been originally anticipated, a large number 
of conies of the Third Edition has been 
printeffi, and a considerable reduction effected 
in the price. 


10. History of the Progress 

OF THE 

Calculus of Variations 

During the Nineteenth Century. 

8vo, cloth. 532 pp. (1861). 12& 

It is of importance that those who wish to 
cultivate any subject may be able to ascer¬ 
tain what results have already been obtained, 
and thus reserve their strength for difficul¬ 
ties which have not yet been conquered. 
And those w ho merely desire to ascertain 
the present state of a subject without any 
purpose of original investigation will often 
find that the study of the past history of that 
subject assists them materially in oattuning 
a sound and extensive knowledge of the 
condition which it has attained. The Author 
has endeavoured in this work to ascertain 
distinctly what has been effected in the 
Progress of the Calculus, and to form some 
eittimate of the manner in which it has been 
effected: accordingly, unless the contrary 
is distinctly stated, it mag be assumed that 
any treatise or memoir relating to the Gal- 
cgluB of Variations which isdescribedin this 
work has undergone thorough examination 
and study. 



fe CAMBBIDGE 

H. PRAT^, M.A. 

Archdeft(}on & Calcutta, late Fellow of 
Gonville and Caius College, Cambridge. « 

A Treatise oIl 
A ttractions, 

/•a Flaet^s Funetuimy and t^^JFigur$ 
of the ^rth. 

Second Edition. Crown 8vo. 196 pp. 
(1861). cloth, fis. 6rf. j 

In the present Treatise the author hiu I 
endeavour^ to supply the want of a wort 
on a subject of great importance and high 
interest*—La Place’s Cocmcients and Fimc- 
tions and the calculation of the Figure of 
the £^h by meaSis of his remarkable analy¬ 
sis. No student of the higher branches of 
Physical Astronomr should be ignorant of La 
Place’s anak’sis ana its result—” a calculus,’* 
says Airy, ”the most singular in its nature 
and the most ^werful in its application that 
has erer appored.” 

By P, G. TAIT, if.A., and 
J. STBELE, B.A. ( 

Late Fellows of St. Peter’s Coll. Cambridge. 

Dynamics of a Particle. 

With nufneroua Ktamples, 

304 pp. (1856). Gr. 8vo. cl. 10a. 6</. 

In this Treatise will be found all the ordi¬ 
nary propositions connected with the Dy¬ 
namics of Particles which can be couTenientl y 
deduced without the use of D’Alembert^s 
Principles. Throughout the book will bo 
found a number of illustratvo Examples 
introduced in the text, and for the most part 
completely worked out; others, with occa¬ 
sional solution^ or hints to assist the student 
are appended to each Chapter. 

— 

By the Mev. O. F. CHILDS, If.A. 

liathematioal Professor in the South Afncan 

CdUege. ^ 

Singular Properties of 
the Ellipsoid 

And A$80ciated Surfaces of the Nth 

Degree* 

152 pp^ (1861). 8yo, boards. 10s. 6tf. 

Aa the title of*thi8 Yolume indicates, its 
obieot is to derlNiope peculiarities in the 
Euipaoid; and further, to establish analo¬ 
gous properties in unlimited congen^ic 
series of which this remarkable surfsoe is 
a constituent. ^ 


CLA'SS BobzS. 

By Beeves, PABKjysOy, S.D. 

c 

Fellow and Pnrlector of Bt. John’s Coll. 

^ Cambridge. 

1. Elementary Treatise 

on Mechanics. 

With a Collection of Esamplee* 

Second ^ition, 345 pp. (1861). 

Crown 8vo. cloth. 9«. 6J. 

The Author has endeavoured to fender 
the present volmi^ suitable tis a Manual for 
the junior classes in Tniversities and the 
higher classes in Schools. With this object 
there ha\j been inctude<i in it those portions 
of tUeoreacal ^lechantes which can be con¬ 
veniently Investigated without the Dllforon- 
tial Calculus, anft witli one or tw-o short 
exceptions the student is not presijiug^l to ^ 
require a knowledge of any branches of* 
Matnematics lievond the elements of Algebra, 
Geometry, and 1'rigonometry. A collection 
of Problems and Examples has bet^n added, 
chiefly taken from the Stmte-House av-d 
College Kxuminati%»i Papers—which will, it 
is trusted, be found useful as an exercise 
for the student In the Second Kditum 
several additional |)ro})Ohitions have licen in- 
corporuied in the work^for the purpose of 
rendering it more complete, and the Collec¬ 
tion of Examples and Problems has been 
largely increased. 

2. A Treatise on Optics. 

304 pp. (1859), Crown 8vo. lOa. 6(/. 

The j)re8ent work may be regarrled as a 
new edition of /he lYcdtine on by 

the Kev. W. N. Ciriffin, which being some 
time ago out of print, was very kindly and 
liberally placed at the disposal of the author. 
The author has freely used the liberty ac¬ 
corded to him, and has rearranged tnl* matter 
with considerable alterations and additions 
—especially in those parts which required 
more copious explanation and illustration to 
render the w'ork suitable for the present 
course of reading in the Universit)’. A 
collection of Examples and Problems has 
h&en appended, which are sufficiently nu¬ 
merous and varied in charaater to afford an 
useful exercise for the student; for the 
greater part of them recourse 1ms been had 
to the Examination Papers set u the Uni¬ 
versity and the several Colleges during the 
last twenty years. 

Subjoined to the copious Table of Contents 
the author has ventumed to indicate an ele¬ 
mentary course of reading not unsuitable 
for the r^uirements of the First Three 
Days in the Caihbridge Senate House Ex- 
OQunationB. 



FOR Schools a^d colleges. 


By J. B. rUBABpM.A. 

FoUov and late Mathematical Lecturer of 
Clare College* ^ 

Iglementary Hydrostatics 

With numerous Emmples and Solutions. 

Second Edition. 166 to. (1857). 
Crown 8vo. cloth, 6d. 

“Ml excellent Introductory Book. The 
dchnitionK are very clear; tlic descriptions 
and explanations are siftflcicntly full and 
intelligible; the investigations are simple 
and seientitlc. The examples greatly en¬ 
hance its value.”— English Jouhnal op 
Editatiox. 

Edition contains Y47 Examples, and 
to all these examples are given at 
the cna of the book. 


J5y O. B. M.A. 

Astronomer Royal. 

1- Mathematical Tracts. 

On the Lunar and Tlaneiary Theories^ 
Figure of the Earthy the Undulatory 
Theory of Optics^ 

Fourth Edition. 400 pp. (1858). 

8vo. 16«. 

2 . Theory of Errors of 
Observations 

Combination of Observations. 


I ^ B^GXOSOE BOQLS, B.C.L. 

Frofassor of hfttfcematics IS Queen’s 
, University, Ireland. 

1. Differential Equations 

^468 pp. (1859). Crown 8vo. cloth. 14^. 

The ^itthor h^endeavoured in this trea¬ 
tise toesogvey as complete an account of Qp 
present state of knowledge on the subject of 
Differential Eouations as was consistent 
with^he idea of a work intended, primarily, 
for elementary^nstruction. The object has 
been first of all to meet the wants of those 
mho had no previous acquaintance with the 
subject, and also not quite to disappoint 
others who might seek for more ^vanced 
information. Yhe earlier sections of each 
chapter contain that kin4 of matter which 
has usually been thought suitable the 
beginner, while the latter ones are devoted 
either to an account of recent discovery, or 
to the discussion of such deejrer questiona 
of principle as are likely to present them¬ 
selves to the reflective student in connection 
with the methods and proetbses of his pre¬ 
vious course. • 

2. The Calculus of 
]^inite Differences. 

248 pp. (1860). Crown 8vo. cloth. 

10 «. 6^. • 

In this work particular attention has been 
paid to the connexion of the methods with 
those of the Differential Calculus—a oon- 
n(‘xion whitu in some instances involves 
far more than a merejy formal analog. 
The work is in some measure designed %8 
a sequel to the Author’s ^eatise on Differ 
renilal EquattonSf and it has been composed 
on the same plan. 

By J. a SNOWBALL, M.A. 

Late Fellow of St. John’s Coll. Cambridge. 




103 pp. (1861). Crown 8vo. 6 j. 6^?. 

• 

• In order to spare astronomers and ob¬ 
servers lu natural philq^iophy the confusion 
and loss of time which are produced by re¬ 
ferring to the ordinary^ treatises embracing 
both branches of Probabilities, the author 
has thought it desirable to draw up this 
work, relating only to Errors of Observa¬ 
tion, and to the rules derivable from the 
consideration of those Errors, for the Com¬ 
bination of the Results of Observations. 
The Author has thus also the advantage 
of entering somewhat more ftilly into several 
points of mterest to the observer, than can 
possibly be done in a ^leneru Theory of 
l^babUities. • 


Plane and Spherical 
Trigonopietry. 

With the Construction and Use of Table* 
of Logarithms, ^ 

Ninth Edition. 240 pp. (1867). Crown 
8vo. ffi. ^d. 

In preparing a new edition, the prools of 
^me of the more important propositions have 
been rendered more strict and general; and a 
considerable addition, of more than two Aww- 
dred Exampten, taken pracipally from the 
questions in the Examinations of Colleges and 
The University, has been made to the oolleo- 
I tion of Examples and Problems for practice. 



a> 


CAMBBWG^ CLASS Bo6k8. 


By W. B. BbJbJT, M.£. 
Seoon^MaAer of BUAl^ath School, 

Geometrioal Treatise on 
Conic Sections. 

With a copious CkiileeiiStcf E^eipnples. 
^ond Edition. Crown 8yB. doth. 

4f. 6^, 

In this work the subject oftConic Sections 
, has been placed before the student in such 
a form that, it is hoped, after mastering 
the elements of KucUd, be may find it an 
easy and interesting continuation of his 
geometrical studies. With*a view also of 
rendering the wvk a complete Manual of 
what ig required at the Omversities, there 
have been either embodied into the te:tt, or 
inserted ammg the examples, every book- 
work questibn, problem, and rider, which 
has been proposed in the Cambridge exami¬ 
nations up to tj^e present time. 

# 

Solutions to the Pro¬ 
blems in Drew’s Conic 
Sections. 

„ , «Crown 8vo. cloth. 4#. 6<f. 


By a, B. BUCKLE, U.A. 

Principal of Windermere College. 

Conic Sections and 
Algebraic Geometry. 

With numerous Easy Examples Fro- 
gressively arranged. 

Second Edition. 264 pp. (1856). 
Crown 8vo. 7r. 6rf, 

This book has be& writterf- with special 
referen^ to those difficulties and misapnre- 
bensions which commonly beset the student 
when be commences, with this object in 
view, the earlier part of the subject has 
bera dwelt on at length, and ^metrical 
an^ numerical illustrations of the analysis 
have been introduced. The Examples ap-^ 
pended to each section are mostly of an 
elementaiT description. The work will, it 
is hoped, be found to contain all that is re¬ 
quire uy the upper classes of schools and 
py the generality of students at the Uni^ 
vereit&Bt* 


By EBWAjm JOBi^T BOZTTJT, M.A 

Fellow and Assistant Tutor of fit. Peter’s 
College, Cambridge. 

DynfCmics of a System 
of Bigid Bodies. 

a 

With tputnerous Examples, 

336 pp. (1860). Crown 8vo. doth. 

kOs. 6d, 


CoNTSKis: Chap. I. Of Moments of In¬ 
ertia.—II. D^Alembert’s Principle. —III. 
Motion about a Fixed Axis.—IV. Motion in 
Two Dimensions.—V. Motion of a l^id 
Body in Three DimcnsioiiH.—VI. M6(idh of 
a Flexible String.—VII. Motion of a System 
of Rigid Bodies.—VIII. Of Impulsive Forces. 
—IX. Miscellaneous Kxuiuples. 

The numerous Examples which will he 
found at the end of Aich chapter have been 
chiefly selected fromahe Exammation Papers 
set in the University and Colleges of Cam¬ 
bridge during the last few years. 


By Jt /). BEASLEl'y M,A. 

Head Master of Grantham School. 

Plane Trigonometry. 

« 

AN ELEMENTARY TREATISE. 

With a numerous CollecttSF o/ 
Examples, 

106 pp. (1858), strongly bqpnd in 
cloth. 3«. 6d, 

I 

This Treatise is specially intended for use 
in Schools. The choice or matter has been 
chl^y guided by the requirements of the 
three days’ Examination atCambridge, with 
the exception of proportional parts in loga- 
ritiims, which have been oinitted. About 
four hundred Examples have been added, 
mainly collected from the Examination 
Papers of the last ten years, and great pains 
have been taken to exclude th>m the body 
of the work any which might dishearten a 
be^nner by thmr mffioulty. 
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FOB £CM0QL8 AKfi COL^GES. 


The 

Cambridge Year Sbok 

AND UNIVERSITY AL«ANACK 

For 1862. 

Crown 8vo. 228 pp. price 2*. 6(f. 

The specific featuree of annual pub¬ 
lication will be obvious at m glance, and 
its value to teachers engaged in preparing 
stud^ts for, and to parents who are sending 
tlieir sons to. the Uiiii^nity, and to the 
public generally, will be Aenr 

1. The whole mode of proceeding in enter¬ 

ing A student at the University and at any 
liarticular t'ollege is stated. • * 

2. The course of the studies as regulated 
by the University examiiAitionB. the manner 
of^iese examinations, and the specific sub- 
jecd^J^ times for the year 1S02, are 

3 A complete account of all Scholarships 
and Exhibg.ions at the several Colleges, their 
value, and the means by which tliey are 
polled. 

4 A brief suminar^^f all Craces of the 
Senate. Degrees conferred during the year 
1S(U, and University news generally are 
given. 

5. The Regulations for the Local Exami- 
KATiON of tiiose wht» are not members of the 
Uuiversitj', U) be held this year, with the 
names of the books on which the Examina¬ 
tion will be baser!, end the date on which the 
Examination will be held. 

Publufhed annually t» January^ 


jCambridge University 
Examination Papers, 

Clf^n 8vo. 184 pp. 2s. 

A Collection of all the Papers set at the 
Exanfin^tions for the Degrpes, the various 
TriposeB, and the Theoloirical Certificates 
in the University, with*List of Candidates 
Examined and of those Approved, and an 
Index to the^Subjects. 1860-61. 

Previous Examination, 1860—Previous 
Examination, 1861—6.A. Degree Examina¬ 
tion, 1860—B.A. Degree‘Examination, Jan. 
and May, 1861—Bachelor of Laws Examina¬ 
tion, 1860—Bachelor of Laws Examination, 
1861—Bachelor uf Medicine Examinations,^ 
1861—Classical Tripos, 1861—Moral Sciences 
Tripos, 1861—Natural Sciences 'Snpos, 1861 
—Smith’s Prizes, 1861—Ch«ncellor*8 Medals 
for Legal and Classical Studies, 1861, 


£S<A>K SMim, MU. 

■ 8t. Johnie College, Oxbridge. 

Arithmetic in Oftieory 
* and Practice. 

For A^aneed Pupils, 

Pau^. ^Jro^ 8vo. clotli. Zs, 

This wft-k forms the first part of a Treatise 
on Arithmetic, in which the Author has 
endeavoured, f^m very sinifRe principles, to 
explain in a and satisfactory manner all 
the important processes in that subject. , 
^ The proofs have in all cases been given in 
a form entirely arithmetical: for the author 
docs not thiiUi that recourse ought to be 
liad to Algebramntil the arithmetical i>roof 
has become hopelessly loi^ and perplexing. 

At the end of every chapter sevigal ex¬ 
amples have been worked out at length, in 
which the best practical metho^ of opera¬ 
tion have been carefully pointea out. 

— — 

By M/FFBBFUtj M.A, 

Fellow and Mathematical Lecturer of Goii* 
ville and Cams College, Cambridge. 

AX ELEMENTARY TREATISE ON 

Trilinear Co-Ordinates. 

The Method of Reciprocal FolarSy and 
ilui Theory of Projectiles, • wn 

154 pp. (1861). Cr. 8vo. cl. 6 j. Zd, 

The object of the Author in writing on 
this subject has mainly been to place it on 
a basis altogether indepradent of the ordi¬ 
nary Cartesian System, instead of regardiifg 
it os only a special form of abridged Nota¬ 
tion. A short chapter on Determinants has 
been introduced. 

Senate-House Mathe¬ 
matical Problems. 

With Solutions, 

1848-51. By SEBUEits dbd Jackson. 8vo. 
15s. 6rf. 

1848-51. (Riders). By Jameson. 8vd?7s. 6<f. 
1854. By Walton and Mackenzie. 8vo. 
lOs, Od. 

1857. By Campion and Walton, 8vo. 8s. 6d. 
1860. By Routh and Watson. Crown 8^. 
7s. 6d. 

*rhe above books contain Problems and 
Examples which have bean set in the Cm- 
bridge Senate-boane Examteations at various 
periods during the last twelve years, together 
w^h Solutions of the same. The Solutions 
are in aU cases given by the Examiners 
^tiiemselves or under their sanction. 







IP CAjfsBIDbB 

By C. W. VyOBBtrOOD, mA. 

'^ce*Priiicipal ^ the C^lleripte Institution, 

• • Liverpo<ff 

A Short Manual, of 
Arithmetic. 

Fcp. 8vo. 96 pp. (IsBl^jjmjyclotli. 

« 2«. 6rf. % • 

The object aimed at hy the Compiler of 
this Manual il to bring before ju^nior 
etadents so much of the Thmry of Trith-! 
metio as may be fairly expectfd of them, and j 
to present it in such a form that the 8tud;y 
of the Science may become to some exten? 
a menfoi training. It is rather'a Orammnr \ 
of Arithmetic than a treatiiP^ on tlkut sub- ! 
Ject, and should for the most part be com- i 
mitte<Lto memon*. It will be found well 
adapts for riVa voce examination, and 
enable candidates to prepare themselves for 
the Local University Examinations. The 
Definitions are briefly and carefully worded. 
Each rule is smted so as to include the proof 
of it where tnl^was possible. 

# 

% M. A. MORGAXy M,A. 

Fellow of Jesus College, Cambridgre. 


CLASS BOOBS 

t 

By J. BERBSRT LATBAU, k.A. 

• tlvil Enitinecr. 

, THE CONSTllUCTION OF 

Wrought-Iron Bridges. 

Embracing the Practical AppUcaUon 
of the Principles of Mechanics to 
Wronghi-Iron Girder^ Work, 

**The greaL merit of this iJook l« that it 
deals with pilctice more than theory. All 
the calculations in the b(M)k connected with 
the strength of girders are based upon*lhelr 
actual application ^'hich abounds in practi¬ 
cal investigations into girder-work in all 
its bearings, and will be welcomed ns one of 
the most valuable cot\trihuiion$ yet made to 
this impoftaiA branch of ettgineei'tng '^— 
Athisnjbuu. 


By JOHN E. B. MAYOB, JfSff 

Fellow and ClasMcal Lecturer of St. John's 
College, Cambridge. * 

1. Jyrenal. 

With English Notes, 


A Collection of Mathe- 
xuatical Problems and 
Examples. 

With Ajmeers, 

190 pp. (1858). Crown 8vo. 6s. 6rf. 

« This book contalus a number of problems, 
chiefly elementary, in the Mathematical sub- 
iects usually read' at Cambridge. They have 
been selects from the papers set during 
late years at Jesus College. Very few of 
them are to be met with in other collec¬ 
tions, and by far the larger number are due 
to some of the most distinguished Mathe¬ 
maticians in the University. 


464 pp. (1854). Crown 8vo. doth, 

10#. iSd, 

A School edition of Juvenal, which, for 
really ripe scholarship, extensive acquaint¬ 
ance with Latin literature, and fumdiar 
knowledge with Continental criticism, an¬ 
cient and modc»rn. U un«urjia.Hvd, we do not 
say among English Sch<»ol-bookfi, but among 
English editions generally F^uinburoh 
Kkview, 

21* Cicero’s 

Second Philippic. 

With English Noicteam:,^ 

168 pp. (1861). Fcp. 8vo. cloth. 5s, 


Elementary l^tatics. 

By f Je Rev. GEORGE RA WLIESOE, 

rofessor of Applied Sciences, Elphinstone 
Coll., Bombay. 

Edited by the Rev, E. STVROES, M,A, 

, Bdetor of Kencott, Oxfordshire. 

(150 pp.) 1860. Crown 8to. clotb- 

^4s. Gd, 

ThU work is^nhlUhed under the au¬ 
thority of H. M. Secretary of State for India 
tor use in the Government Schools oad 
Colleges in India. 


The Text is that of Halm’s 2ndjwlition, 
(Leipsig, Weidmann, 1838), withesome cor¬ 
rections from Madvig’s 4th Edition (Copen¬ 
hagen, 1838). Halm’s Introduction has been 
closely translated, with some additions. His 
notes have been curtailed, omitted, or en¬ 
larged, at discretion; passages to which be 
gives a bare reference, are for the most part 
printed at length; for the Greek extracts an 
English version has been substituted. A 
large body of notes, chiefly grammatical and 
historical, has been added from various 
sources. A list of books useful to the 
student of Cicero, a copious Argument, and 
an Index (b the introduction and notes, com¬ 
plete the book. • 



FOB tSCHOQLS Af^h. COLiEaES. il 


By a B.D. 

Author of ** A History of Eoine,*A &c. 

Sallust. 


P, pioSTf M,A. 

Late Fellow John’s (j^U. Cambridge. 

Thucydides. Book VI. 


With BnglUh Koie^ 

Second Edition. 172 pp. (1858). Fcap. 
8vo. 4«. %d, 

“ This Schtol edition of Sallust is precisely 
what the School edition of m Latin author 
oujrUt to be. No useless words are spent 
in it, and no words that could he of use 
are spa'Td. The text hR|j been carefully col¬ 
lated with the best editions. With the work 
is a full current of extremely well- 

selected annotations.*’— The Examiner. 

The “ Catimna” and “ JuffbuTHA** 7nay he 
had »epnratclyt price 6(1. each, bound 
ifn cloth, I 


♦ 


*/?y J). DRAKE, M.A. 

Lato F'ellow of Kin^ CoU. Cambridge. 

1. Demosth^es on the 
Crown. 


With English Notes, 

Second Edition. To which is prefixed 

JisCIlIN AGAINST CXESIFHON. 
With English Notes. 

287 pp. (1860). Fcap, 8vo. cloth. 6s. 


The first edition of the late Mr. Drake’s 
edition of Demosthenes Corona haying 
met w ith considerable acceptance in various 
^eliiools, and a new^ edition being called for, 
the Oration of Alschines against Ctesiphon, 
in accQtilancc with the wishes of many 
teaeWK^as been appended with useful 
notes by a competent scholar. 


With EngliahNotes, Map and Index, 

*l8, 6d. 

It has been attempted in this work to fa¬ 
cilitate the attainment of ^^uracy ir trans- 
Intift. With this end in view the 'i ^xt has 
been treated glammatlcally. 

By y?"WRTOJir, M.A. 

Head Master of Sutton^Coldfield ^ohool. 

Help to Latin Grammar. 

With Easy Exercises., both English and 
Xatiny Questions and Vocabulary. ^ 

175 pp. (1855). ' Crown 8vo. cloth. 

4^, 6d. 

«This book aims at helping the learner 
to overstep the threshold difficulties of the 
Latin Grammar; and never was tiiesAite 
better aid offered alike to teacher and 
scholar in that arduous pass The style is 
at once familiar and strikingly simple and 
lucid; and the explanations precisely hit the 
difficulties, and thoroughly explain them. 
It will also much facililite the acquiremsmt 
of English Grammar.”— Enolish JouaJfAn 
OF Education. 


2. Hellenica. 

A FIRST GREEK READING BOOK. 


2. 2Bschyli Eiunenides. 

JFM EvgUnU Vefse Translation, 
Cbpious JntroductioUy and E otes, 

8vo. 144. pp. (1853). 

“ Mr. Drake’s ability as a critical Scholar 
is known and admitted*. In thb editum of 
the Kumenides before us we meet with mrn 
also in the capacity of a Poet and Historical 
Essayist. The translation is flowing anHj 
melodioiiR, elegant and scho^rlikc. The 
Greek Text is well printed: the notes are 
clear and useflal.”— GuaAian. 


'rotn JDiodofgus and Piiucydides, With 
Vocabulary, 

econd Edition. 150 pp. (1851). Fcap. 
8vo. cloth. 3s. %d. 

• 

In the last twenty chapters of this volume, 
hucvdidcB sketches the rise and progress 
: the Athenian Empires in so clear a style 
id in such simple language, that the author 
rnbts whether any easier or more mstruc- 
ve passages can be selected for the us© of 
m pupil who is commencing Greek. 


I 



1 » CAMBBindE^ CLASS BOOKS 


By J. WBIOl^, M.A. * 

Head Master q( Sutton ypMfLeld School/ 

3. The Qeyen Kings of 
Rome. 

A First Latin Feadinfdfo^ abridged 
^roni Livyy by the omission'Ti^t^ficidt 
passages^ with Notes and Index, 

SecondEditioA 138 pp. (1857). P#ap. 
8vo. cloth, in 


By EBWj^RD TSRjyGy M^A. 
Head Master of Uppingham School. 

4. Elements of Grammar 
• Taught in English^ 

With Qk^^iow^. 

Third Edition. 136 pp. (1§60). Demy 
1 ^ 1 8mo. 2s, " 


This work is intended to supply the pupil^ 
with an easy Constniing-book, which muy, 
at the same time, be made the^vehicle for 
instructing him in the rul e s < # trrammar and 
principles of comnositlon. These branches 
of the s^idy of L^n seem to the author to 
have hitherto been kept too much apart. 
Boys have o^strued their Delectus or Ku- 
tropius, or I^pos, and have gone elsewhere | 
for their grammatical exercises. Nor can 
this be wond^CKl at. An educated man 
must feel posim'ely ashamed of takmg his 
l^pils away from our good KngUsh autSors. 
and setting before him instead a Delectus 
or Eatropiua. Ue therefore skims over them 
as lightly, and escapes from them as ^cickly 
as possible, and has recourse for his com¬ 
position lesson to one of the many Kxercisc- 
Dooks which swarm from our educational 
' Tci remedy these evils this book has j 
been published. Here Livy tells his own j 
pleasant stories in his own pleasant words. I 
what is omitted, is that which no one can | 
wish & beginner to learn, and which may 
be better learnt elsewhere. I^t Livy be the 
master to teach a b(%* Latin, not some English 
collector of sentences, and he will not be 
found a doll one. 


4. Vocabulary and Ex¬ 
ercises on “ The Seven 
Kings of Rome.” 


2. The Child’s English 
Grammar. 

New Edition* 86 pp. (1859). Demj- 

I 80 IO. Iff. 

• 

The Author’s effort in these 
hns been to point out the broad, beattui, 
every-tiay path, carefully avoiding dij^cs- 
sions into the bycway« and ecccntncitios 
of language. Thi.- Work took its rise from 
questioiimgs in Na^nal .ScIukiIm, and the* 
whole of the first piwt is merely the >^riti]ig 
out in order the answers to questions which 
have been used already with hucccsh. The 
study of Grammar in English has been much 
neglected, nav by (tome put on one side us 
an impossibility. There was perha]>s much 
groimd for this opinion, in the medley of 
arbitrary rules thrown before the student, 
which applied indeed to a certain numlK^r of 
instances, but w'ouldnot w'ork at nil in many 
others, as must ulwavs he the case w'hen 
pnnciplCH are not put iWw ard in u language 
full of ambiguities. The present work docs 
not, therefore, pretend to be a comiumdium 
of idioms, or philological treatise, but a 
Grammar. Or in other w'ords, its intention 
is to teach the learner how to speak and write 
correctly, and to understand and explain 
the speech and writings of Its 

success, not only in National Schools, from 
practical work in w'bicb it took its rise, but 
also in classical schools, is full of encourage¬ 
ment. 


94 pp. (1867).^ Crown*8vo. cloth. 
^ 2s. 6d, 

The Vocabulary is published apart ftom 
the Text in order to suit the viewd of those 
who prefer their pupils to consult a general 
Actionary, but it may also be had bound 
toi^her with the ** Skvbn Kikos of Rome,*’ 
if preferred. As the aim of the Text is t% 
teach the elements of grammar, so the Kx- 
erdse^ are intend^ to test the Pupil’s know¬ 
ledge. of grammar Indeed there is hardly 
an or0|iiary Latin construction which is not 
iltoitrated in the text, explained in tm 
notes, uid proTed in the Exercises. 


3 . School Songs.. 

A COLLECTION OP SONGS FOR 
SCHOOL^. 

WITH THR MUSIC 'ARRANGED FOB FOUR 

yOlCSfi* 

Bdited by Bev. E. THRING and 
^ H. RICCIUS, 

Music %ize. 7s. Qd. 



FOB^ SCEQ0L8 dJ^D COSLEGFS. 


db KDWAnD mniNG, m.a. 
Head Ma^er of Uppinf^ham Sch0(>2. 

4. A First Latin Con-' 
struing Bookr. 

104 pp. (1855). ^ Feap. 8vo. 2s. Sd. 

This Constfuing Book is drawn up on the 
same soil of graduated scaleAs the Author’s 
Ungltsh Grammar, Passages out of the 
bestCatin Poets ore graduall}' built up into 
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0 

Notes for Becturef oh Confir¬ 
mation: 'With auiM)le Prayers. 
By C. J. VAUGHAN, D.D. Fourth 
Edition^l^p. (1862). Fop. 8vo. 

^s work, originally prepared for the use 
of Harrow Sc^ol, is published in the belief 


their perfect shape. 'The few'words altered^ labours of those who^ 

or inserted as the passagA goon, are printed engaged in preparing candidates for 
in Italics. ^ It is hoped by this plan that the | Conflrmatit^ and who find it difficult to lay 

their hand uf)li>4ny one book of suitable 


leal nor, whilst acquiring the rudiments of 
language, may store his inind*with good 
poetry and a ^od vocabulary. 


gtliig^ows €hBB '§BahB. 

Ih/ C. J TUrGJrA^', D.D. 

. .uul blaster of Uorrow School. 

St. Paul’s Epistle to the 
Bomans. 


instruction at once sufRcistotly ftiU to furnish 
a synopsis of the subject, and suHfciently 
elastic to give free scope to individual 
judgment in the use of it. 

3. 

The Church Catechism Illus¬ 
trated and Explained, By 
ABTHUE EAMSAY, M.A. 18mo. 
cloth. 


4 : 


The Greek Text %vifh English Notes, 

Second Edition. Crown 8yo. cloth. 
(1861). 5«. 

^ Bv dedicating this work to his elder Pupils 
at llurroi^, the Author hopes that he 
sufficiently indicates what is and what is not 
to ior in it. He desires to record 

/ils imJJreSifSn, derived from the experience 
of many years, that the Epistles of the New 
Testament, no less than the Gospels, are 
capabl# of furnishing useful and ^olid in¬ 
struction to the highest classes of our Public 
Schools. If they arc taught accurately, not 
controversially; positively, not negatively; 
autlu>rltatively. yet not dogmatically; taught 
witlLclose and constant reference to their 
^itenfll meaning, to the connexion of their 
parts, to the sequence of their argument, as 
well as to their morid aj\d spiritu^ instruc¬ 
tion ; they will interest, they will inform, 
they will elevate; they will inspire a reve¬ 
rence for Scripture never to be <hbca)ded,- 
they will awaken a desire to drink more 
deeply of the Word of God, cert^n hereafter 
to be gratided and fulfilled 


Hand-Book to ButlerllB Ana¬ 
logy. By C. A. S'^INSON, M.A. 
55 pp. (1856). Crown 8]^. Is. M, 

5, 

I 

History of the Chri stian Church 
during the First Three Cen- 
turieS) and the Reformation 
in England* B^ W. SIMPSON, 
M.A. Fdbrth Edition. Fep, 8vo. 

cloth. 35. 6d. 

6 . 

Analysis of Paley’s Evidences 
of Christianity. .By CHARLES 
H. CROSSE, M.A. 1[l5 pp. (1855). 
•ISmo. 35. 6d, 
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CA^fiBEIDOE MANUALS 

FOR ^THEOILiDGUOAIi ‘ STUDENTS. 


LY FMI2rT£D JJTD BOUKV. 


tIiw Series of Thkologic; 5. MAirpAts has been publishedc with the 
aim of stl|)pljing Books coaieiseY comprehen^re, and accurate j con¬ 
venient for the StdBeuty and yet interesting to the general reader. 

1« History of the Christian . able for Uie dMlred object, in the ooune 
Church duxixur\i?ve Middle twenty years the whole queetion 

HARD. *t»owl«lge ha# been reopened 

o yl^iwHn^CON riAltli great leamtng imd accurate reseat, 

W .Kf JA* second rldltion. 482 pp. and it is mainly wi^ the view of epitomizing 
(1861)* With Maps. Crown 8vo. ^beir eateneivc publicationts and correctrjg 

rioth fOit M ; by their help the errors ajtd mi.. 

' iithich had obtained currency, that the pre- 
This Volume claims to be regarded as an cant volume has been put together. 

Integral and Ibdependenf treatise on tlie' ^ ^ ^ 

UecUmval Church. The History oommences HlStory Of the CanOU Of tl^ 
with the time of Gregory the Great, because j NeW Test&n^Ut during the 
it is admitted on all hands that his ponti- X^st Fou^Centuries. Bv 

i BROOKE FOSS WESTCOTll 

natloDSr but of Christendom at large. A 
kindred reason has suggested the propriety 
j^t^'Vung at the >ear 1520,—tlie year when 
^xnmer, having been extruded mm those 
Churches that adhered to the Cororouniou 
of the Pope, established a provisional form 
of government and opeued a Aeah era in 
the history of Europe. 

S. History ^ the Clmstiaxi 
ChuTcS durijig the Befonna- 
tion. Bt Aucudeacon HARD¬ 
WICK. 459 pp. (1866). Crown' 

8vo. cloth. 10«. 6d. 

This Work forms a Sequel to the Author's 
Book on The Middle Ages. The Author's 
wish has been to give the reader a trust- 
* worthy venioD of those stirring incidents 
which mark the Bsfonnation ^liod. 

8e History of the Book of Com- 
mou Prayer. With a Rationale 
of its Offices. By FRaKCIS 
J^ROCTER, M.A. Fifth ^Edition. 

464 pp. (1860). Crown 8ro. cloth 

10s. 6A ^ 


The Subject ofCiis Book has been already 
tvasted by numerous writers of distinction. 
When Uie present series of Manuals w^ 
projected, it did not appear that any one of 
the ev W ig g volomes taken singly was avail- 


M.A. 694 pp. (1865). Crown 8x*o. 
cloth. 12a. 6d, 

Tlie Author has endeavoured to connect 
the history of the Now Testament Canon 
with the growth and consolidation of the 
Chilrcli, and to point out tlie relation 
existing l>etween the amount of evitleitoe 
for tiie authenticity of its ootii|K)iient parts 
and the whole mass of Christian literature. 
Such a method of inquiry will convey both 
the truest noti^ of the connexion of the 
written Word wilii the iivmg Body of ClirisC 
and the surest conviction of its divine o.\P 
thority. 

6. Introduction to tO^ffeddj 
of the GOSPELS. By BROOKE 
FOSS WESTCOTT, M.A. 458 pp. 
(186(J). Crown 8vo. cloth. 10». 6d. 

The title of this book will explain the 
chief aim which the Author had in view. It 
is Intended to be an Introduction' to the 
Siudif of the Gospels. The Aurtnor liastj^ere- 
fore confined himself in many oases to tb^ 
mere indication of lines of thought anu 
inquiry flipm the eonviotlon that truth is 
felt to be more predous in proportion as it is 
opened to us by our own work. In a subject 
bwoh involves so vast a literature much 
mutt have been overlooked; but the Author 
has made itu point at least to study the re¬ 
searches of the great writers, and consciously 
Vto neglect none. 
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FOi^THCo^iiSpa BoeES’: 

Tin Elementary Treatise on the Ph^ietary Theory. 

By C. H- H- CHEYNE, B.A-, Scholar*oft(^^olm'B College. Crew® 
8vo. (3oth. Qd. ^ \Ju 9 t Teady. 

2 . 

.4 Treatise on Geometry o£ Three Diyienmons. 

By PEECIVAL FROST, M.A., St. Johi^CoUege, and JOSEPH 
WOLSTENHOLM^, H«A., Christ's College^Wlftridge. 8 to.^ 18a 

Tlie First J^ortion has hem issued for the convmience of Candfhidge 
Students: the concluding portion will appear before Christmas^ 1862. 

3 . 

An Elementary Treatise on Natural 'Philos/iphy. 

^ By WILLIAM THOMSON, LL.D., F.R.8., late Fellow of St. Peter’s 
College, Cambridge, Professor of Natural Philosophy in the University 
of Glasgow; and PETER GUTHRIE TAIT, M.A., late FeUow of 
St. Peter’s College, Cambridge, Professor of Natural Philosophy in the 
University of Edinburgh. With numerous Ulustrations. 

4. 

An Elementary Treatise on Quaternions. 

With numerous Examples. By P. G. TAIT, Professor of 

Natural Philosoply» in the University of Edinburgh. Preparing. 

6 . 

vf^A^ehra. For Schools. 

By J. C. W. ELLIS, M.A., andP. M. CLARKE, M.A., Sidney Sussex 
College, Cambridge. _ [Preparing. 

6 . 

Aristotelis de 'Rhetorica. 

, With Wotes and Introduction. By E IVf. COPE, M.A., FeUov and 
Assiatanbtfutor of Trinity College, Cambridge. 

7. 

The New Testament in thfi Original GreVe. 

Text re-vised by B. H WESTCO^T, M.A., and F. J. SORT, M.A., 
formerly JFellowff of Trinity Col^^pge. 
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^OMULAK-'kn) CO.’6 

CAmSJDGE ^GJSO'bL *GL^88 B00K8. 


I. 

Euclid f(^ CoUeg^M, Schools. 

By 1. lODHtfNTEE, P.R.S., Pellot' and Prindpal Matte- 

matioal Lecturer of(@t John’s College^ Cambridge. iSmo. 3s. 6d^ 




An Elemmtar^JAU^ Qrammar. 

H. EOBY, M.A., Under Master^ofThdwich College Upper, 
ttthool, late Fellow and Classioal Lecturer of St John’s College. 
Cambridge. ISmo. ' 2s^ 


m# 


An Ek&ientaTy History of the Book of Common 
Prayer. 

By FRANCIS PROCTER, M.A,, Vicar of Witton, NorfcJlk, late 
FeQow of St. Catharine’s CbUege, Cambridge. 18mo. 2s* 6d* 


Thm volumes, forming the first portion of MacmiUan and Co,*s Ele- 
‘^ipilfTABY School Class Boons, are handeomdy printed and bound, 
the volumes of the series iviil ^jhfhlished at a low price to ensure «m 
i esei^i^ sale in the Sdiocls of the United Kingdom and the Colonies. 


^Tho following’HHU shortly be published; 

School Class Book of Arithmetic. 

By BARNARD SMITH, M.A., late Fellow of St. Peter’s College,* 
' Gambii^ 


Alg^ra for Begimers. 

By L TODHtJl^IEE, F.RS. 

The Bible •Wordbook. 

AilRoasary ^^IdSsgli^ Bible Wprdi^^wi& Ulustratimi 

By J. EASTWOOD, l&'A^ St.- Jolin^a Caanbrid 

oumbent oYHojte/neto Sheffield, and W,,ALDIS WR*' 
TiM^ Cemg^^Camlurid^f,^. " ^ 

*«* (^er Volumesiwi£^ emMiSilteed i^ 

' ' •* 

Cmn&n^t 



and {n- 
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